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1 One of the strongest silks 
ever created — smaller diameter sizes can be used every- 
where to minimize trauma and foreign body reaction. 


yo New Anacap Silk 
can be boiled or autoclaved six separate times without ap- 
preciable change in either strength or texture. In laboratory 
tests almost the full original strength is maintained even 
after 2314 hours of boiling. 


3 Firmer, not limp, Anacap Silk speeds 
operative technic. Braided by a new method that minimizes 
“splintering” and “whiskering” it passes readily through 
tissues. The ease of handling Anacap makes it a “new ex- 
perience” in silk suturing. 


4 Having no wick-like action, 
new Anacap Silk is resistant to body fluids and will not 
spread an early localized infection if it occurs. 








Low in original purchase price, 
new Anacap Silk is also low in individual suture cost be- 
cause of its long sterilization life. 
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In sizes 6-0 to 5 on spools of 25 and 100 yards; sterile in 
tubes with and without D & G Atraumatic® needles attached. 


DAVIS & GECK, INC. 
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SCARS REMAINING IN ATOM BOMB SURVIVORS 


A Four Year Follow-up Study 


WARNER WELLS, M.D., F.A.C.S., and NEAL TSUKIFUJI, M.D., Hiroshima, Japan 


INETY persons surviving burns or 
other wounds incident to atom 
bomb explosions in Hiroshima and 
~~ Nagasaki were examined by Block 

d Tsuzuki! between December 1946 and 

ril 1947. Sixty-three of these patients have 

en re-examined after an interval of 48 to 54 

onths. Records and photographs made 4 

‘ars ago furnish the basis for present com- 
parisons. 

Conclusions, based on clinical evaluation, 
are in complete agreement with the opinions 
expressed by Block and Tsuzuki, to wit: “A 
relatively high incidence of scar keloid and 
hypertrophic scar formation of a severe degree 
has occurred after healing of flash burns that 
probably were of deep second or third degree 
severity. .. .” They concluded: “The inade- 
quate treatment, poor nutrition, high in- 
cidence of severe infection and delayed healing 
should be considered as important contribut- 
ing factors which affected the healing process 
to result in a high incidence of severe keloid or 
excessive scar formation. Scar keloids were 
found to occur in Japanese sustaining burns 
from other causes than the atomic bomb ex- 
plosion. It would seem most probable that 
the scar keloids represent no peculiar effect of 
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the atomic bomb explosion. Furthermore, it 
seems probable that a similar incidence of 
occurrence of scar keloid could have occurred 
in burns of the same severity from any other 
cause under similar conditions during the 
healing of the lesions in patients having the 
same general state of health.” 

All of the patients examined were exposed 
to the effects of atom bomb explosions in 
Hiroshima and Nagasaki in the sense that they 
were located at distances between 450 and 
2,900 meters from the hypocenter, and injured 
by the intense flash of light, flying fragments, 
or falling debris. Some gave a history of acute 
radiation illness and others did not. For pur- 
poses of study, therefore, the patients have 
been divided into two groups: exposed, with 
radiation illness, and exposed, without radia- 
tion illness. 

Patients are classified as improved, unim- 
proved, or worse in comparing their present 
appearance with that in evidence 4 years ago. 

The designation “improved” signifies disap- 
pearance or unequivocal diminution in the 
size of a scar, improvement in function or cos- 
metic appearance, and amelioration or disap- 
pearance of subjective symptoms associated 
with scarring. The designation “unimproved”’ 
is used if evidence of improvement is not con- 
vincing, and “‘worse”’ if a patient so describes 
his condition, or if objective evidence sup- 
ports such an appraisal. Decision to place a 
patient in one of these three categories is based 
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Fig. 1. 


No. 239,169, male, 20 years old, 1,600 meters. No radiation illness. 


Flash 


burns to left face and neck. Infected. Healing required 5 months. Keloid of left pre- 
auricular region and neck described 4 years ago. All excess scar has now disappeared, 


leaving supple, lightly pigmented skin. 
a, February 1947. b, May 1951. 


on the patient’s estimate of himself, and ob- 
jective comparisons between past written and 
photographic records and present clinical 
examination. 

The term keloid is used in the generally ac- 
cepted clinical sense and is defined as a mov- 
able, superficial lesion, presenting an exuber- 
ant, lobulated, overhanging profile, a glisten- 
ing, inflamed or acrocyanotic surface, a rub- 
bery consistence, and characterized sympto- 
matically by a prickly, burning itch. Hyper- 
trophic scar is defined as a pink, white, or 
telangiectatic scar which is hard, taut, un- 
yielding, and more or less fixed to deep tissues. 
Difficulties in clinical interpretation can arise 


TABLE I.—CLASSIFICATION OF IMPROVEMENT 





























| | 
| Treated | Untreated 
| | - 
| Exposed | Exposed | Exposed | Exposed | Total 
with without | with without | 
radiation | radiation | radiation | radiation | 
illness illness illness illness | 
Improved 12 | 8 12 | 25 | 57 
Unimproved 3 | ° I | 2 | 6 
Total 15 | 8 | 13 | 27 | 63 











(The ear is thin but the cartilage is intact.) 


when one approaches the other in appearance 
or when the two extremes coexist in the same 
patient. Scars which can be defined as neither 
keloid nor hypertrophic, but which still pre- 
sent a raised or irregular surface, or a thick- 
ness greater than the surrounding skin are 
defined as excessive scars. 


PRESENTATION AND INTERPRETATION 
OF DATA 


Twenty-eight of the 63 patients re-examined 
gave a history of one or more symptoms char- 
acteristic of acute radiation illness; i.e., epila- 
tion, petechiae, oropharyngeal lesions, imme- 
diate severe diarrhea. 

Twenty-three patients received some form 
of treatment during the 4 year interval be- 
tween examination. 

Table I shows the classification of improve- 
ment in the total number of patients exposed 
with or without radiation illness who were 
treated or remained untreated since the first 
examination. 

Fifty-seven of the 63 patients re-examined 
were improved. This number includes 15 
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a b 
Fig. 2. No. 253,475, male, 20 years old, 1,600 meters. No radiation illness. Flash burns 
left side of head. Infected. Healed in 5 months. Keloids were pink, soft, and plastic at the 
time of the first examination. Keloids have now disappeared, leaving lightly pigmented 
skin, and one hard band of tension scar behind the ear. (Ear cartilage escaped destruc- 
tion.) a, January 1947. b, May 1951. 
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a b 


Fig. 3. No. 19,418, female, 31 years old, 1,650 meters. No radiation illness. 
Flash burns to chest. Infected. Healed without treatment in 3 months. Initial 
exuberant keloid has now degenerated to a soft, slightly-pigmented, corru- 
gated scar. Itches occasionally. a, February 1947. b, June 1951. 
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Fig. 4. 


No. 242,039, male, 18 years old, 2,900 meters. No radiation ill- 


ness. Flash burns to left arm. Infected. "The burns required g months to 


heal. 


Centrally placed; irregular, firm keloids noted when first photograph 


was taken. At present the lesions at elbow and shoulder are soft, pliable, 
and wrinkled: evidence of degeneration. a, April 1947. b, May 1951. 


patients whose scars have so far disappeared 
as to be unrecognizable except by careful 
search. One patient (Fig. 12) was defined as 
unimproved, and 5 patients (see Figs. 5, 18, 
19) were classified as worse. No significant 
difference in the incidence of recovery could be 
detected between exposed, with radiation ill- 
ness, and exposed, without radiation illness. 

Of the 5 patients who were defined as worse, 
1 has radiopaque foreign bodies in painful 
keloids, and 4 have crippling or deforming 
contractures. Keloids originally present in 
the latter 4 patients have diminished in size 
or disappeared. 

Of the 23 patients who received treatment 
since examination 4 years ago, 20 are im- 


TABLE II.—PERSISTENCE OF KELOIDS 








Exposed Exposed 
with seliadien whthent radiation 
illness illness 





Keloids present in 1947 | 20 | 20 40 








Keloids persisting in 1951 | 15 | 10 25 


Chi square=2.67 D.F.=1 P=o.10 


The two groups, exposed with radiation illness and exposed without 
radiation illness, do not differ significantly in the number of keloids 
persisting after 4 years. 





proved and 3 are worse. There is no significant 
difference between the recovery of these pa- 
tients and the 40 who received no treatment. 
Forty of the 63 patients were described 4 
years ago as having scars compatible with 
keloid. Keloid has completely disappeared in 
15 of this group of 4o patients (Table II). 
There is no significant difference in the persist- 
ence of keloid in patients exposed, with radia- 
tion illness, and in patients exposed, without 
radiation illness. In the 25 patients with un- 
absorbed keloids none has received what can 
be interpreted as definitive treatment; all 
have associated excessive skin tension; and 2 
retain numerous radiopaque foreign bodies. 
Thirteen patients, 9 of whom had radiation 
illness, received 27 grafts from 19 donor sites 
(Table III). The grafts: pinch, split-thick- 
ness, or full-thickness, varied in size from 1 
square centimeter to 12 by 5 centimeters. All 
survived. One cannot relate the development 
of excess scar in either donor or recipient area 
to the occurrence of acute radiation illness. 
All cases of excess scar in both donor and 
recipient areas were associated with inade- 
quate excision of pre-existing scar, prolonged 
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Fig. 5. No. 90,432, male, 20 years old, 1,400 meters. Epilation. Flash burns left neck and shoulder. 
Infected. No treatment. Healed in 5 months. At the time of the first examination ulcers were still 
present, the skin fragile and thin, and keloids massive, painful, tense, red. At present keloid tissue is 
not demonstrable. Where tension is excessive (along ramus of left mandible) scars are thick, hard, 
unyielding. Color varies from bronze to normal skin tones. a, January 1947. b, June 1951. 





Fig. 6. No. 401,055, male, 18 years old, 2,100 meters. No radiation illness. Flash burns behind 
right ear. Infected. Healing required 9 months. Keloid present when first photograph was taken 
has disappeared. A tension scar persists. a, April 1947. b, June 1951. 


postoperative infection, or excessive skin 
tension. One may also observe that in the 
cases in which excess scarring did occur donor 
and recipient areas were not simultaneously 
involved in the same patient. One patient 
(No. 288085), receiving 2 grafts from 2 donor 
sites, healed normally in 1 donor and 1 recip- 
ient area and developed excess scar in 1 donor 
and 1 recipient area. 

No one of the patients examined showed 
any clinical evidence of cutaneous radiation 
injury. These authors have seen only 2 such 
cases of radiation injury during 23 months’ 
work in Hiroshima, and neither patient was 
exposed to the atom bomb; e.g., a 71 year old 
roentgenologist with partial destruction of 
both hands and carcinomatous degeneration 


incident to repeated x-ray exposure for 30 
years, and a 34 year old man with carcinoma 
in an indolent ulcer which had been intensive- 
ly treated with x-ray and radium. 

Excessive or unusual pigmentation has not 
been seen. Pigmentation or loss of pigment, 
when observed, did not differ from the pig- 
ment changes seen in healed second or third 
degree burns from other causes. 

Thirty scars were excised from 15 patients 
and the defects closed by suture. Twenty 
scar excision areas healed normally (see Figs. 
15 and 16). Tension caused 1 wound to 
separate, leaving a persistent ulcer (Fig. 17). 
Keloid developed in 1 excision scar, but disap- 
peared a year later. One scar healed normally 
over two-thirds of its length, but developed 








SURGERY, GYNECOLOGY AND OBSTETRICS 


Fig. 8. 


Fig. 7. No. 288,085, male, 40 years old, 1,500 meters. 
Epilation. Flash burns to back, both arms, and legs; 
flaming clothing burned the neck. Infected. Healed after 
5 months. At the time of the first photograph heavy, 
ulcerated, itching, vascular keloids were described. (Patient 
depressed, destitute, and offered life for experimentation.) 
At present massive keloids of back are almost gone. Per- 
sistance on extremities only along lines of tension. a, 
January 1947. b, May 1951. 


Fig. 8. No. 95,264, male, 21 years old, 2,500 meters. 
Epilation. Flash burn to left face, neck, back, and arms. 
Infected. Interval before healing unknown. Massive 
keloids of face, neck, back, and arms were described 4 years 
ago. Keloids are noticeably diminished in size. A dense 
band of scar persists behind the left ear where tension is 
great. (This patient received an unknown quantity of x- 
ray therapy to his back in 1947.) a, December 1946. 
b, June_1951. 
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a Fig. 11. 


Fig. 9. No. 286,691, female, 30 years old, 1,500 meters. 
Epilation; bloody diarrhea. Flash burns to back and 
arms. Infected. Healed in 3 months. Pliable, warm, soft 
keloids of back and arms described when first photograph 
was taken. Keloid has either disappeared or is degenerat- 
ing. Persistence is more apparent over the slope of the 
shoulders where tension is always great. a, March 1947. 
b, May 1951. 

Fig. 10. No. 402,037, female, 40 years old, 1,200 meters. 
Epilation. Flying glass fragments caused multiple wounds 
of the back and arms. Infected. Healing was complete in 
2 months. Multiple, red-brown, painful, exuberant keloids 
were present as pictured 4 yearsago. Keloid later developed 
in an infected ulnar neurolysis scar. At present the keloids 
are smaller, softer, and wrinkled—remaining unchanged 


only over the shoulders where tension is normally great. 
These keloids all still contain fragments of glass. When a 
fragment is removed or extrudes itself, the associated 
keloid becomes small or disappears. a, April 1947. b, June 
IQ5I. 

Fig. 11. No. 400,184, male, 14 years old, 2,100 meters. 


No radiation illness. Burns to left side of head. Infected. 
Interval before healing unknown. When the first photo- 
graph was taken, keloid was described before and behind 
the left ear, with ulceration in the latter position. Keloid 
in front of the ear is now much less, but behind the ear it 
has not diminished, although the previously noted ulcer is 
healed. Tension in the latter site is great even interfering 
with inclination of the head to the right. a, January 1947. 
b, May 1951. 
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Fig. 12. No. 400,184, male, 14 years old, 2,100 meters. 
No radiation illness. Burns, type not known, to left lower 
extremity. Infected. Healing was incomplete even at the 
time of the first photograph. Irregular, nodular keloids 
were described. Even at present a deep, dirty ulcer persists 
below the knee. (Biopsy negative.) Tension, transmitted 
from knee to ankle, is extreme and focuses at the ulcer. 
Keloid persists where tissue distortion is greatest. (Ob- 
jectively, this patient is classified as unimproved.) a, 
January 1947. b, May 1951. 


keloid in the remaining one-third where ten- 
sion was great. Excess scar recurred in 3 pa- 
tients whose scars were excised. Keloid re- 
curred in 4 patients from whom earlier scar 
excision was temporarily successful. 

When normal healing was not achieved 
after scar excision and wound suture, failure, 
in every case, was associated with postopera- 
tive infection, incomplete scar excision, or 
closure of wounds under tension. 

Eight patients received radiation therapy to 
grafts, donor areas, or scars. The effective- 
ness of this therapeutic measure is impossible 
to evaluate. The dosage, duration, and kind 
of treatment are unknown. 

One patient developed excess scar in one 
graft treated with x-ray, whereas another 
graft, receiving no radiation, healed normally. 
A second patient developed keloid in a scar 
which had been excised and radiated, but 
healed normally in another scar not radiated. 


TABLE III.—HEALING OF DONOR AND 
RECIPIENT AREAS 








Donor areas Recipient areas 
Patients a 


Num-} Normal] Excess |Num-|Normal] Excess 
ber |healing| scar ber |healing| scar 








Exposed with radiation illness 





288085 I I 2 I 





298207 I ° 5 5 





403875 





400369 





2281490 





259043 





238578 





95264 I 





89371 E ° 





Total exposed with 
radiation illness 12 2* 20 15 





Exposed without radiation illness 





84676 I ° I I 





229443 I ° I I 





257475 I ° I I 





302818 2 ° 4 4 





Total exposed without 
radiation illness 5 5 ° 7 7 


























| 2 Se 0 ie | 5 


*Excess scar developed only in those patients who had one or more of 
the following complications: (a) inadequate excision of pre-existing scar; 
(b) prolonged postoperative infection; (c) excessive skin tension. 


Total both groups | 19 | 17 





A third patient (Fig. 8) received x-ray therapy 
to his back in 1947, but none to his arms; both 
areas healed equally well. 


PHOTOGRAPHS 


Comparative photographs of 19 patients 
are presented. 

Figures 1 to 3 are examples of keloids present 
4 years ago which, without treatment, have 
disappeared. 

Figure 4 shows a patient whose original 
lesions have degenerated to such a degree that 
only by the greatest leniency in definition can 
the present soft, colorless, asymptomatic scars 
be interpreted as keloid. Where any question 
may exist, as in this case, the scar is classified 
as a keloid. 

Figures 5 and 6 illustrate patients whose 
earlier keloids have disappeared, leaving sim- 
ple or interlacing bands of excess scar. These 
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Fig. 13. No. 298,297, female, 33 years old, 1,600 meters. Epilation. Flash burns to 
face, breast, and arms. Infected. Healed precariously after 6 months. Extreme keloid 
extending from chin to both cheeks and nose, pink, firm, vascular—described at the 
time of the first photograph. Since the initial examination grafts have been applied 
to the chin and both eyelids with a good “take.” Keloids have disappeared, although 
scarring along tension lines can still be observed. a, February 1947. b, June 1951. 


Fig. 14. No. 144,692, female, 25 years old, 1,350 meters. Epilation; petechiae. Flash 
burns to right face. Infected. Six months elapsed before the wound was healed. A 
graft had been applied shortly before the first picture was taken, and presented a brown, 
elevated, wrinkled appearance. (The donor site had healed without keloid.) At present 
the graft has smoothed out and presents a smooth, supple texture without excess scar. 


a, January 1947. b, June 1951. 


scars, all under tension, are associated with 
deficits of skin and subcutaneous tissue. Flash 
burns, infection, delayed healing, insufficient 
early treatment,are common to these patients. 

The patients depicted in Figures 7 to 11 
illustrate varying degrees of keloid degenera- 
tion, manifested by wrinkling of the overlying 
skin, loss of tension and abnormal color, as- 
suagement of pain or itching, and, in localized 
areas, complete disappearance. The greatest 


concentration of persisting keloid, in these 
cases, occurs where skin tension is normally 
great; i.e., over the slopes of the shoulders and 
upper back, or where tissue loss is associated 
with tension on healing. 

Glass fragments are present in the keloids 
of the patient shown in Figure ro. 

The patient in Figure 12 is classified as un- 
improved, despite the fact that his keloids are 
less obvious than they were 4 years ago. 
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Fig. 16. 


Legends on opposite page. 
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ig. 15. No. 215,030, female, 15 years old, 1,600 meters. 
ilation; petechiae; bleeding gums; diarrhea. Flash 
ns to right neck and shoulder. Infected. Healed in 5 
mths. Keloids on neck excised. No recurrence. Keloids 
shoulder partially excised; other degenerating, i.e., 
ite, soft, wrinkled. a, February 1947. b, June 1951. 
‘ig. 16. No. 286,796, male, 60 vears old, 1,770 meters. 
radiation illness. Flash burns right chest, arm, and 
earm. Keloid partially excised over right clavicle in 
May 1947. Keloid recurred. At present keloids persist 
‘sere tension is great, to wit: right pectoral region; right 


Tension is extreme from knee to ankle, reach- 
ing a maximum where lines of force converge 
at the edges of a hard-walled, deep, avascular 
uicer. 

Figures 13 and 14 illustrate healed grafts. 
All grafts survived. 

Keloids were excised from 6 patients (see 
Figs. 15 to 17). Satisfactory results are evident 
in 3. Keloid recurrence in 2 patients (see 
Fig. 16) is associated with excessive skin ten- 
sion. A painful ulcer, situated in the center of a 
tense, three-cornered flap, has persisted since 
operation in 1 patient, shown in Figure 17. 

Comparative photographs were not avail- 
able on the patients shown in Figures 18 and 
19. They are presented because, for reasons 
previously stated, they are classified as worse. 


COMMENTS 


Six years have passed since the 63 recently 
examined patients were injured. All were 
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forearm. Elsewhere keloids have disappeared. a, March 
. b, May 1951. 

Fig. 17. No. 278,021, male, 19 years old, 2,000 meters. 
No radiation illness. Flash burns behind left ear and angle 
of jaw. Infected. Healing required 5 months. Keloid 
behind ear was excised shortly after the first photograph 
was taken. An ulcer is still present behind the ear where a 
three-cornered flap was approximated under tension. 
Along the line of closure tension is still great and the 
patient complains of uncomfortable tightness. a, March 
1947. b, May 1951. 


burned or otherwise wounded as the result of 
an atom bomb explosion; in addition, 28 gave 
a history of acute radiation illness; and all 
have continued to live in or near atom- 
bombed cities. There is no clinical evidence, 
however, to suggest that these patients exhibit 
any unusual or abnormal response to their 
injuries or to their subsequent environment. 

One is impressed with the improvement, 
most of it spontaneous, which these patients 
have shown since they were seen 4 years ago. 

These authors agree with Block and Tsuzuki 
that the severity of initial injury, the neces- 
sarily inadequate early treatment, the in- 
cidence of infection, and the delay in healing 
incident to the loss of skin are adequate to 
explain the initial high incidence of severe scar 
formation, without invoking any specific 
factor peculiar to an atom bomb explosion. 

Severe scarring is now strikingly less ap- 
parent than it was 4 years ago. 
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Fig. 18. No. 286,734, female, 21 years old, 1,300 meters. No acute radiation illness. 
Flash burns to face, neck, and hands. Infected. Healed after 8 months. No treat- 
ment. Classified as worse, despite patient’s claim that she is better, because of ap- 
good and contractures deforming both hands. No keloid remains. These pictures, 
May 1951. 


Fig. 19. No. 238,578, female, 19 years 
old, 2,000 meters. Slight epilation. Flash 
burns to face and extremities. Infected. 
Required over 6 months to heal. Split- 
thickness grafts from both thighs were 
transferrred to both eyelids and to the dorsum of the left hand. Grafts took well and 
donor areas healed without excess scarring. This patient classified as worse because 
deformity of eyelids, chin, and left hand increased as scars contracted. Keloid has 
disappeared. These pictures, May 1951. 
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In those cases in which excessive scar does 
ist, skin tension appears to be an im- 
ortant factor in its persistence. Early skin 
»afting was not available, so in those patients 
‘ho had large losses of skin, healing could 

ly occur after the contraction of sub- 
‘taneous scar, with the result that skin 

ision was produced when healing was 
ally achieved. Tension and excess scar is 

w most evident in the patients who lost 

ze areas of skin or who lost skin in regions 

»ssed by flexion creases; e.g., the neck, 

lla, elbow, knee. 

Patients with tense, elastic skin have ex- 

ited less absorption of excess scar than 

tients with loose, inelastic skin, regardless of 
Scar absorption has been less complete 

areas normally subject to tension stress; 
., the postauricular region, the slope of the 
nulders, than in areas in the same patient 
‘ere tension does not exist. 
It has been stated that no case was dis- 
vered which showed any clinical resem- 
ince to a cutaneous radiation burn, and it 
ist be emphasized that the skin of all of 
ese patients has been carefully examined in 
is regard. 

To anyone who has observed the late effects 
o' severe burns from sources other than the 
detonation of an atom bomb the patients pre- 
sented here will appear strikingly familiar. 
Many of these patients are incapacitated 
functionally and cosmetically by scars that 
could, even at this time, be corrected by 
definitive plastic surgical procedures, for in 
these patients, all exposed, the capacity to 
healafter scar excision or graft has been shown. 

Thermal injury and trauma from flying 
fragments and falling debris account for a high 
casualty percentage in the segment of a popu- 
lation near the periphery of an atom bomb 
explosion who survive radiation or blast in- 
jury. The patients here presented are ex- 
amples of this group. 

Had it been possible to evacuate these pa- 
tients and afford them the advantages of early 
chemotherapy, replacement of lost blood, 
proteins, and electrolytes, and prompt cover- 
age of their skin defects, excessive scarring 
and contractures might have been avoided. 
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Plans for the salvage of atom bomb survivors 
must include the means to this end, for it 
appears highly unlikely that persons who sur- 
vive sublethal doses of ionizing radiation will 
show any remote effects relating to the heal- 
ing of burns or other injuries. 


SUMMARY AND CONCLUSIONS 


Ninety persons surviving burns or other 
wounds incident to atom bomb explosions in 
Hiroshima and Nagasaki were examined by 
Block and Tsuzuki between December 1946 
and April 1947. Sixty-three of these patients 
have been re-examined after an interval of 
48 to 54 months. 

Forty of the 63 patients were originally 
described as having scars compatible with 
keloid. All evidence of keloid has disappeared 
in 15 of this number. 

All of the 63 patients examined had normal 
or excessive scar 4 years ago. Fifty-seven of 
this number are improved or well; 1 remains 
unimproved; and 5 present objective and sub- 
jective evidence of being worse. The latter 
group is classified as worse because of tension 
scars associated with crippling contractures 
or cosmetic deformity. 

Patients exposed, with radiation illness, and 
patients exposed, without radiation illness, 
showed no significant or impressive difference 
in their response to initial injury, or in the 
healing of donor or recipient areas where 
grafts were used. 

No case was discovered which resembled a 
cutaneous radiation injury. 

In every case excessive scarring has disap- 
peared or shown appreciable decrease in size, 
except where persistence has been provoked 
by infection, foreign bodies, contractures, 
or abnormal skin tension. 

The authors conclude that the clinical 
course of burns and other injuries in 28 pa- 
tients who gave a history of acute radiation 
illness after atom bomb detonations in 1945 
has not differed significantly from the clinical 
course of 35 patients injured at the same time 
but without a history of radiation illness, and 
that the amount and the behavior of the scars 
received are not inconsistent with the imme- 
diate and subsequently available therapy. 








THE NEUROENDOCRINE CONTROL OF WATER AND 
ELECTROLYTE EXCRETION DURING 
SURGICAL ANESTHESIA 


MARK A. HAYES, M.D., Ph.D., and FREDERICK A. COLLER, M.S., M.D., F.A.C.S., 


Ann Arbor, Michigan 


HE complexities and interrelation- 
ships of the various physiological 
mechanisms involved in the renal 
regulation of the volume and of the 
composition of body fluids have been stressed 
by a number of investigators (21). It is gen- 
erally accepted that the hormonal control of 
water excretion by the kidney is vested in the 
neurohypophysis and that of electrolyte excre- 
tion in the adrenocortex, but the excretion of 
water and the excretion of solutes condition 
one another and a series of reactions may take 
place for any given adjustment in the internal 
environment. Any consideration of water 
movements should provide separately an eval- 
uation for water alone, and for water as it 
might move iso-osmotically with a solute. 
The neurogenic factors involved in water 
metabolism to which most attention has been 
directed is that concerned with the production 
of diabetes insipidus. It seems clear now from 
many sources that this experimental and clini- 
cal syndrome results from the destruction of 
the supraoptico-hypophysial system, and a 
consequent failure in availability of the pitui- 
tary antidiuretic hormone. Of interest are the 
factors controlling the hypothalamico-hypo- 
physial system. The demonstration of an in- 
creased amount of antidiuretic material in the 
urine in dehydrated states (13) joined with 
other related investigations leads to the ra- 
tional conclusion that in water deprivation 
the hypothalamus is stimulated by means of a 
mechanism which acts as an osmoreceptor 
sensitive to delicate shifts in the osmotic 
pressure of the blood (15, 31). Neurogenic 
stimuli and a variety of other circumstances 
can cause a release of antidiuretic hormone 
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and a consequent antidiuresis. It is well 
established that anesthetics and related drugs 
reduce or prevent water diuresis; the effect 
varies with the anesthetic agent and the 
depth of anesthesia, yet is independent of 
adrenomedullary and of adrenocortical activ- 
ity. This reflex antidiuresis is evident, how- 
ever, only if some part of the neurohypophysis 
is intact functionally (15) and is due to direct 
stimulation of the hypothalamico-hypophysial 
system (7). 

The only undisputed demonstrable abnor- 
mality in the renal function of the diabetes 
insipidus state is the excessive excretion of 
water (27). The effect of the antidiuretic 
hormone on electrolyte excretion is not as well 
understood. This situation may be compli- 
cated further by the facts that sodium chloride 
and water generally are retained or lost to- 
gether and that the adrenocortex plays an 
important role referrable to electrolytes. Elec- 
trolyte excretion during an artificially induced 
diuresis appears to depend on the diuretic 
agent employed (23, 32). Water diuresis may 
be associated with a decreased rate of sodium 
excretion (6). Investigations aimed specifi- 
cally at demonstrating an action of the anti- 
diuretic hormone on electrolyte excretion have 
been variably inconclusive. 

Britton and co-workers (5) primarily are 
responsible for the theory that the hormones 
of the adrenocortex and of the posterior pitui- 
tary exert antagonistic influences on the me- 
tabolism of both sodium salts and water. Such 
an antagonism can be demonstrated easily 
under suitably devised experimental condi- 
tions. On the other hand, hormones from 
both glands enhance potassium excretion (24). 
A confusing factor is the inconstancy and 
variation of actions of the posterior pituitary 
hormones on electrolyte excretion and uncer- 























HAYES, COLLER: NEUROENDOCRINE 


tainty concerning whether the same or differ- 
cent pituitary hormones affect water and elec- 
trolyte excretion (30). The influences which 
Jv affect water metabolism (11), however, are 
merous and their interrelations devious. 
ie high-lighting of any one factor will de- 
nd upon experimental design permitting its 
phasis. Nevertheless, a consistent action of 
- adrenocortical hormones as present in 
‘ole gland extracts is to stimulate diuresis. 
ey accomplish this, clearly, by more than 
e means, but one aspect of their action is to 
iibit by direct or indirect ways the renal 
sular reabsorption of water. In this respect 
ely the adrenocortical and posterior pitui- 
‘y hormones are antagonistic agents, but the 
tent to which this antagonism constitutes a 
related and integrated physiological me- 
inism remains to be determined. On the 
ier hand, it is hard to find unequivocal evi- 
nce to support the claim that the elimina- 
n of sodium actually is facilitated by 
uitrin. 
it is accepted generally that the secretion 
© the adrenocortex maintains homeostasis of 
s lium in situations of dietary sodium excess 
well as during deficiency. Since excretion 
sodium may have a direct effect on the ex- 
tion of water, the latter also is influenced 
ondarily by adrenocortical activity. These 
results, too, are not without controversial 
opinion, since recent investigations into the 
eliects of adrenocorticotrophic hormone in 
normal subjects indicate equivocal results in 
regard to the effects of endogenous adrenocor- 
cal steroids on sodium and water excretion. 
Forsham and his associates have reported a 
definite decrease in the excretion of sodium 
and water in human subjects. Other workers 
have found both decreases and increases (8, 
35) or no change (17) in sodium excretion. 
That the adenohypophysial-adrenocortical 
and the hypothalamico-hypophysial mecha- 
nisms may be completely independent in water 
and electrolyte plus water control has been 
suggested (19). Furthermore, certain observa- 
tions have cast doubt upon the propriety of 
linking water, sodium, and chloride together 
as inseparable functions, while treating ions 
at the same time as independent variables. 
Whether water retention of itself can lead to 
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salt retention is closely related to the entire 
problem. Neurohypophysectomy does not 
seem to alter salt metabolism (34). The evi- 
dence as a whole scarcely can be said to sup- 
port the belief that hydration of the body 
leads directly or indirectly to sodium retention. 

The neuroendocrine control of potassium 
excretion per se is no more clarified than the 
other problems. There definitely is a limited 
minimal rate of excretion of this ion (28) which 
is an important factor in producing a state of 
potassium deficiency. In salt diuresis an in- 
crease in potassium excretion has been noted 
after small doses of exogenous antidiuretic 
hormone. On the other hand, the only sub- 
stance actually isolated from the adrenocortex 
that has a strong effect on sodium metabolism 
is wholly unlike desoxycorticosterone chemi- 
cally and has no effect on potassium excre- 
tion (29). 

It is unreasonable to assume that there is 
absolutely no relation between the adeno- 
hypophysis and neurohypophysis in water and 
electrolyte metabolism. Water metabolism is 
not normal in totally hypophysectomized ani- 
mals. Though polyuria is not present in this 
group, they cannot excrete a concentrated 
urine or show a normal diuretic response to a 
water load (18). It is all but certain that the 
diuretic influence of the adenohypophysis re- 
sults from the cumulative action of several of 
its known trophic hormones (10). In addi- 
tion, some other unidentified pituitary factors 
are necessary for the maintenance of normal 
renal clearances and presumably for the main- 
tenance of diuresis (33). 

The sum of all this information emphasizes 
the vagaries of the pituitary and of the 
adrenocortical effects on salt and water me- 
tabolism, but the specific effects are variable 
in different circumstances. Such variability 
might be expected of hormones which serve as 
key agents in adaptive processes. Vague gen- 
eralizations of this sort, however, are a poor 
substitute for an exact definition of what 
occurs. There is no reason to think that some 
such definitions cannot be made. At the 
present time it has been proved adequately 
that the adrenocortical response to stress is 
mediated through the endogenous release of 
pituitary adrenocorticotrophic hormone (26). 


144 


The exact mechanism which initiates the pi- 
tuitary release of the trophic hormones restson 
less well substantiated grounds. Considerable 
experimental evidence (14, 16, 20) points to a 
center for the control of the adenohypophysis 
present somewhere in the hypothalamus, 
which serves, at least, as one of the possible 
modes of activation of the pituitary-adreno- 
cortical response to stress. The firmly estab- 
lished basis for a hypothalamic control of the 
neurohypophysis has already been cited. It 
is reasonable, therefore, that, in response to 
stress, integrative adjustments in the internal 
environment might be demonstrated to occur 
at the hypothalamic level if, under varying 
experimental conditions in the human, con- 
sonance and dissonance could be demonstrated 
in the several phases of pituitary activity. 


PROCEDURE 


Three types of patients were studied under 
rigid experimental conditions: 2 endocrinologi- 
cally normal controls (cardioesophageal neo- 
plasms), 2 cases of primary panhypopitui- 
tarism without diabetes insipidus (chromo- 
phobe adenoma), and 1 case of primary pan- 
hypopituitarism with diabetes insipidus (chro- 
mophobe adenoma). All patients were sub- 
jected to nitrous oxide-ether-oxygen anesthe- 
sia for the purpose of surgical treatment of 
disease and for the purpose of inducing a 
stress, which would serve to activate the 
neuroendocrine mechanisms affecting water 
and electrolyte excretion. The control pa- 
tients revealed no preoperative adrenocortical 
hormone therapy; the others received 100 
milligrams of 11-dehydro, 17-hydroxycorti- 
costerone daily for at least 4 days preopera- 
tively; the patient with panhypopituitarism 
and diabetes insipidus at no time received 
exogenous antidiuretic hormone. Two hours 
before operation, each of the latter two 
groups received intramuscular injections of 50 
milligrams of cortisone acetate at two different 
sites. All patients were 12 hours postabsorp- 
tive when the observations were begun. One 
hour prior to the study, intravenous 5 per 
cent dextrose in distilled water was started, to 
continue throughout the period of observation 
at a constant infusion rate of 5 cubic centi- 
meters per kilogram body weight per hour. 
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The control observations were made after 
preoperative medication but before the induc- 
tion of the anesthesia in all cases. The period 
of investigation extended over both control 
observations until good diuresis was obtained 
and for the duration of the operation. Urine 
specimens were collected every 15 minutes by 
means of a dependent indwelling urethral 
catheter, measured for volume and analyzed 
for sodium and potassium in the flame photo- 
meter (2). Eosinophils in the peripheral blood 
were counted at intervals in a Levy chamber 
using the method suggested by Randolph and 
Rollins since the level of circulating eosino- 
phils reflects the circulating blood levels of the 
C-11 oxygenated adrenocortical steroids (1) 
and so a relative index of adrenocortical activ- 
ity. The eosinophil counts during operation 
in the control cases were recorded as percent- 
age changes from the preanesthetic count; the 
counts in the hypopituitary cases were re- 
corded as percentage changes from an average 
of the counts taken prior to the preoperative 
cortisone therapy. Renal function in all cases 
studied was normal as evaluated by the urea 
clearance and by the creatinine clearance tests. 


RESULTS 


Normal endocrine cases (Figs. 1 and 2), 
Following induction of anesthesia there is an 
initial eosinophilia, followed by decrease in 
the number of circulating eosinophils in the 
peripheral blood reflecting a progressive in- 
crease in the amount of circulating C-11 oxy- 
genated steroids released from the adreno- 
cortex. In the light of the known facts pre- 
viously alluded to, the only interpretation is 
the rapid and progressive activation of the 
pituitary-adrenocortical axis in response to 
the stress of anesthesia and surgical trauma. 
The endogenous release of pituitary adreno- 
corticotrophic hormone has evoked the adre- 
nocortical production of both the “carbo- 
hydrate active” and the “salt active” steroids 
as apparent both from the eosinophil counts 
and from the decrease in the sodium concen- 
tration in successive urine specimens, roughly 
parallel to the eosinophil counts. 

Concurrent with the progressive activation 
of the pituitary control of the adrenocortex is 
distinct evidence of the neurohypophysial re- 
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Fig. 1. Endocrinologically normal case—a control. This 
case illustrates simultaneous activation of the adreno- 
cortex and the posterior pituitary. For details see the text. 

Fig. 2. Endocrinologically normal case—a control. 

Fig. 3. Panhypopituitarism with secondary adreno- 


lease of antidiuretic hormone. The inhibition 
of urine flow follows the characteristic pattern 
of the pituitary type of inhibition as described 
by Verney, with a latent period for the devel- 
opment of maximal antidiuresis and a slow 
recovery to a diuresis. This can be inter- 
preted as a neurohypophysial response to 
stress of limited duration terminated by com- 
pulsion to excrete excess water administered 
by way of the constant rate infusion. It is 
evident, nevertheless, that when urine flow is 
minimal (maximal endogenous antidiuretic 
hormone production) there is a decrease in the 
urine sodium concentration (increased adreno- 
cortical activity) indicating that the physio- 
logical response of the neurohypophysis at 
least does not facilitate the excretion of so- 
dium. At this particular point the adreno- 
cortical hormone and the neurohypophysial 
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Fig. 4. 
cortical insufficiency. There is a period of relative adreno- 
cortical steroid insufficiency, but no interference with the 
posterior pituitary response. 
Fig. 4. Panhypopituitarism with secondary adreno- 
cortical insufficiency. 


hormone are not antagonistic but actually are 
complementary in the effect of each on water 
and on electrolyte excretion. With the stimu- 
lus of continued water administration present, 
however, there occurs a dissociation of adeno- 
hypophysial and neurohypophysial effects 
when diuresis returns (minimal endogenous 
antidiuretic hormone release) even though the 
adenohypophysial-adrenocortical effects are 
still profound with a further reduction in so- 
dium concentration in the urine, indicating 
that the withdrawal of antidiuretic hormone 
does not influence sodium excretion. 

The concentration of the potassium in the 
urine tends to increase slightly through the 
period of the study and bears no relation to 
the increase or decrease in available anti- 
diuretic hormone. The tendency for the in- 
crease in urine potassium concentration to 
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Fig. 5. Panhypopituitarism with secondary adrenocor- 
tical insufficiency and a superimposed diabetes insipidus. 
Note that the scale for urine flow is greater by ten times 
than Figures 1 and 2. During operation there is relative 
adrenocortical steroid insufficiency and a decreased re- 
sponse by the posterior pituitary, as shown by less than 50 
per cent maximal inhibition of urine flow. 


parallel the progressive increase in the release 
of the normal secretions from the adrenocortex 
strongly suggests that the physiological re- 
sponse to stress of this gland produces a re- 
ciprocal effect on sodium and potassium excre- 
tion inhibiting the former and facilitating the 
latter, so confirming the observations that pro- 
tein catabolism does not account entirely for 
the amount of potassium excreted in the im- 
mediate postoperative period (3). 

In both of the control cases the physiologi- 
cal integrity of the two pituitary functions 
studies was at a maximum, shown by a 
prompt 80 per cent fall of the eosinophils in 
the peripheral blood and a more than go per 
cent inhibition of urine flow at height of 
neurohypophysial activity. 

Cases of panhypopituitarism without diabetes 
insipidus (Figs. 3 and 4). The 4 hour epineph- 
rin-eosinophil test and the Thorn test in these 
patients showed a —20 per cent response, 
evidence of primary anterior pituitary. disease 
and secondary adrenocortical atrophy. Only 
the hypothalamico-neurohypophysial control 
of water excretion was normal as shown by the 
maximal inhibition of the induced diuresis, in 
response to the stress of anesthesia and of 
surgical trauma. Again the inhibition was of 
the pituitary type. 

Since both of these cases had been prepared 
for surgery by the administration of cortisone, 
which presumably is not a natural adrenocorti- 


cal steroid (4), an entirely artificial situation 
ideally suited for investigation was set up. In 
the first consideration, since cortisone acetate 
is only relatively soluble in tissue fluids, a 
fixed quantity was available for cellular re- 
quirements at any given time; if cellular re- 
quirements were increased, they would be met 
by a state of relative adrenocortical steroid 
insufficiency. Secondly, since cortisone is both 
“carbohydrate” and ‘“‘salt” active, the meas- 
ure of the adequacy of the supply of the 
steroid could be followed by both the eosino- 
phil counts and the sodium concentrations in 
the urine specimens. 

There is no evidence in either case of faulty 
response to stress by the hypothalamico- 
neurohypophysial mechanism inhibiting the 
diuresis. In Case 3 the period of maximal 
antidiuresis coincides with a maximal concen- 
tration of sodium, but as recovery from anti- 
diuresis occurs, there is still a high concentra- 
tion of sodium in the urine. In Case 4 the 
maximal concentration of sodium in the urine 
coincides with a point well into the diuresis 
recovery, when the circulating level of anti- 
diuretic hormone is rapidly decreasing. These 
observations emphasize the fact that the anti- 
diuretic hormone as functioning within physi- 
ological ranges in body homeostasis does not 
influence sodium excretion. In Case 4, the 
maximal inhibition of diuresis is comparable 
to that obtained in Cases 1 and 2. The failure 
to obtain a comparable inhibition in Case 3 is 
interpreted as being due to the high concentra- 
tion of urine sodium and the known limita- 
tions of the action of the antidiuretic hormone 
on saline diuresis (12). In these 2 cases, the 
rising eosinophil counts indicate the develop- 
ment of a state of relative adrenocortical in- 
sufficiency. It is evident that sodium excre- 
tion depends on the availability of the adreno- 
cortical steroid and in situations of relative 
adrenocortical insufficiency, sodium loss is in- 
creased, irrespective of the control that is 
superimposed on water excretion by the anti- 
diuretic hormone. Case 3 is of particular in- 
terest for the failure, as previously pointed 
out, to achieve the maximal inhibition of 
diuresis seen in the other cases and emphasizes 
that with movements of electrolytes there is 
an obligatory minimal movement of water. 
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Also, because of technical difficulties, Case 3 
displays a greater degree of adrenocortical 
insufficiency and so a greater loss of sodium, as 
expected from the more rigorous nature of the 
stress and the consequent greater demands for 
the steroid. The management of this case 
required the prompt administration of large 
quantities (100 to 150 c.c.) of aqueous adreno- 
cortical extract at each of the two high peaks 
in eosinophil counts. This form of therapy 
promptly produced a sharp fall in the eosino- 
phil count. 

Potassium excretion in these 2 cases, though 
not altered remarkably, did show minor varia- 
tions suggesting a response reciprocal to that 
of sodium, determined by the level of the 
adrenocortical steroid availability and unin- 
fluenced by rate of water excretion. 

Case of panhypopituitarism with diabetes in- 
sipidus (Fig. 5). The preoperative epineph- 
rin-eosinophil test and Thorn test revealed a 
marked primary hypopituitarism with second- 
ary adrenocortical atrophy. The preoperative 
preparation was with cortisone acetate as in 
the previous 2 cases. 

The development of a state of relative 
adrenocortical insufficiency during the opera- 
tion occurs as now might be expected. The 
changes in sodium concentration in the urine 
closely parallel the level of steroid availability 
and insufficiency is characterized by sodium 
loss and overavailability by sodium retention. 
Potassium is altered but little by the relative 
adrenocortical state but again suggests a rela- 
tionship reciprocal to sodium with a decrease 
in potassium excretion when sodium loss is at 
a maximum. 

The inhibition of diuresis follows the pat- 
tern of the pituitary type. The extent of 
inhibition is less than in the previous cases 
with an intact hypothalamico-neurohypo- 
physial function. In this case at the point of 
maximum inhibition of diuresis, the rate of 
urine flow is more than 50 per cent of the con- 
trol flow. This indicates that, in this case, 
hypothalamico-neurohypophysial function is 
not absent but that it is greatly impaired. 
Furthermore, in the recovery from antidiure- 
sis, it is apparent that excess water does not 
compel an accompanying increase in electro- 
lyte excretion. 
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DISCUSSION AND SUMMARY 

In the homeostatic readjustments required 
to meet the obligations placed on an organism 
by a stress, there is a concurrent activation of 
at least two important mechanisms: the hypo- 
thalamico-neurohypophysial and the adeno- 
hypophysial-adrenocortical. Since the control 
of the former has been located in the hypo- 
thalamus and the two systems are activated 
simultaneously, it is justifiable to assume that 
the control of all the integrative responses of 
the various vegetative activities lies in the 
hypothalamus, including control of the adeno- 
hypophysial-adrenocortical system. 

By comparing the response to stress in clini- 
cal cases which possess a fixed level of adreno- 
cortical steroid activity and which do or do 
not possess available antidiuretic hormone 
with cases which are endocrinologically nor- 
mal it has been possible to pinpoint several of 
the definitions that were set forth as the prob- 
lem in the introductory section of this report. 

The variable parameters of this study have 
been the excretion of water and the cations, 
sodium and potassium. Within the range of 
physiological responses, as evaluated in this 
investigation, the excretion of the cations is 


determined by the level of adrenocortical 
activity and is independent of the presence or 
absence of the neurohypophysial antidiuretic 


hormone. The excretion of water, on the 
other hand, is controlled within well defined 
limits primarily by the antidiuretic hormone 
but is strongly influenced secondarily by the 
obligatory transfer of water with the electro- 
lyte, sodium. Thus, in an indirect manner, 
the limit of maximal antidiuresis is deter- 
mined by the minimum amount of water re- 
quired for the transfer of sodium, which is 
controlled, in turn, by the degree of adreno- 
cortical activity. In this way the adreno- 
cortex influences water excretion and may be 
antagonistic or complementary to the anti- 
diuretic hormone, depending upon whether 
the adrenocortex is engaged in effecting so- 
dium excretion or sodium retention (25). 
Evidence is present that the antidiuretic 
hormone has no effect on potassium excretion. 
The adrenocortex influences potassium excre- 
tion in a reciprocal fashion to sodium, reaffirm- 
ing the many observations concerning sodium 
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and potassium excretion in adrenocortical in- 
sufficiency, in the countershock phase of the 
alarm reaction, and in the postoperative cata- 
bolic syndrome. 

The compulsory excretion of water with 
electrolytes has been shown and the inde- 
pendence of electrolytes in diuresis reveals 
that of necessity electrolytes need not accom- 
pany the excess water. 

The clinical applications to be drawn from 
this material are several. The excessive ad- 
ministration of fluids during a surgical proce- 
dure should be avoided since a normal re- 
sponse of the body is an antidiuretic one. If 
fluids are given, those containing sodium 
should be reduced to a minimum because so- 
dium retention begins shortly after the com- 
mencement of the operation. An unrecog- 
nized urinary potassium loss occurs during all 
operations and is part of the natural response 
to stress. 

Many patients, who may be borderline as 
far as adenohypophysial-adrenocortical re- 
serve is concerned, should be evaluated pre- 
operatively by the epinephrin-eosinophil and 
Thorn tests to avoid the development of a 
relative adrenocortical insufficiency during the 


course of a protracted, difficult operation. 
Following the level of the circulating eosino- 
phils during the course of an operation may 
prove to be a valuable adjunct as an indicator 
for the parenteral use of aqueous adrenocorti- 
cal extract in combatting shock definitely 
associated with adrenocortical insufficiency. 
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MANAGEMENT OF ECTOPIC PREGNANCY 
WITH MASSIVE INTRAPERITONEAL 
HEMORRHAGE AND SHOCK 


BERNARD J. PISANI, M.D., F.A.C.S., New York, New York 


ASSIVE intraperitoneal hemor- 

rhage and shock is frequently a 

fatal complication of ruptured 

ectopic pregnancy. The manage- 

ment of this condition has been a subject of 

controversy for many years, and even today 

there is some difference of opinion concerning 

the proper treatment. Because of present day 

knowledge of shock following hemorrhage and 

its treatment, improvements in anesthesia, 

and progress in surgical technique, it is be- 

lieved the procedure of choice in this emer- 

gency is immediate surgical operation and 
adequate blood replacement. 

A review of the literature shows that Simp- 
son, Robb, Polak, and, as late as 1936, Gordon, 
taught that operation should be deferred until 
the shock subsided. However, in 1910 when 
shock was little understood, anesthesia was 
not a practiced specialty, and transfusion was 
a major procedure, many authorities advised 
immediate action. In 1908 Ladinski wrote 
that ‘‘No matter how profound the collapse 
of the patient, the urgent indication is to check 
the hemorrhage, and if the operation be per- 
formed with the ease and rapidity that is pos- 
sible in expert hands, the additional shock will 
be so slight that it cannot be held responsible 
for a single death.” Thirty years later Rock 
states: “‘These patients are often in wretched 
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condition by the time they reach the hospital 
and offer grave risk to surgery; yet only sur- 
gery offers them any hope of recovery. It is 
now generally considered advisable to operate 
immediately and to start transfusion as soon 
after the abdomen is open as is humanly pos- 
sible, glucose solution serving in the interim.” 
More specifically, Ware claims, “It is unwise 
to delay operation until the patient is out of 
shock.’ Johnson, in discussing the subject, 
declared: “I am not in favor of delaying 
operation for any reason at all.” 

At Bellevue Hospital during the 13 years 
from 1935 to 1948, laparotomies were per- 
formed on 322 patients with ectopic preg- 
nancy. The diagnosis was made before or at 
the time of operation and was confirmed by 
microscopy. Only 1 death occurred in this 
series and this was due to postoperative sepsis, 
not hemorrhage. 


A. B., a 37 year old, married, colored gravida 4 
and para 2, was admitted July 14, 1937. Her chief 
complaints were vaginal bleeding of 2 weeks’ dura- 
tion, chills and fever, and lower abdominal pain. 
In spite of palliative measures, her symptoms con- 
tinued, and on the sixth hospital day, with a pre- 
operative diagnosis of bilateral tubo-ovarian abscess 
and pelvic abscess, she was taken to the operating 
room. Colpotomy revealed old blood and both ad- 
nexal areas filled by cystic masses. Laparotomy was 
performed. The postoperative diagnosis was right 
ectopic pregnancy, bilateral chronic salpingitis, and 
a left tubo-ovarian abscess. A spreading type of 
acute peritonitis developed and death occurred on 
the third postoperative day with pulmonary edema 
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complicating her course. Pathology findings were 
right ampullary ectopic pregnancy with external 
rupture, marked chronic follicular salpingitis with 
superimposed acute reaction, acute inflammation of 
ruptured gestation sac with abscess formation. 


The mortality for this group of 322 con- 
secutive cases was 0.31 per cent. This series 
was carefully reviewed, and among them were 
35 patients with signs and symptoms of severe 
shock and intraperitoneal hemorrhage. A 
study of these patients is presented. 

A definition of terms and an explanation of 
criteria used in the selection of these cases is 
in order. By severe massive intraperitoneal 
hemorrhage and shock is meant the presence 
of two or more of the following: (a) red cell 
count of 3,000,000 per cubic millimeter or less, 
a subnormal temperature, systolic hypoten- 
sion of 70 millimeters of mercury or lower with 
a small pulse pressure, and a tachycardia of 
110 or greater; (b) history of repeated attacks 
of syncope, shoulder pain, acute lancinating 
lower abdominal or rectal pain; (c) signs of 
cerebral anoxia on admission or while under 
observation, and a progressive soft distention 
of the lower abdomen. By immediate opera- 
tion is meant abdominal surgery as soon as 
possible after admission to the hospital. In 
addition, other essentials provided are expert 
anesthesia, adequate oxygen, and an ample 
supply of properly matched blood. 

The criteria in the selection of these 35 cases 
in which immediate operation was performed 
may be summarized as follows: (a) The pa- 
tient presented signs of gross bleeding into the 
peritoneal cavity at the time of, or soon after 
admission. (b) The red cell count was about 
3,000,000 per cubic millimeter. (c) Acute 
shock was usually evidenced by the low blood 
pressure, rapid pulse, and subnormal temper- 
ature. (d) Physical findings confirmed the 
diagnosis of acute ruptured ectopic pregnancy. 

Soon after admission, blood studies were 
made. They included red cell count, hemo- 
globin, sedimentation rate, and blood typing. 
Usually an infusion of saline or plasma was 
started so that a blood transfusion could be 
given at the time of operation. If the criteria 
and symptoms just described were present, 
immediate operation was arranged regardless 
of the patient’s condition. The anesthesia was 
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cyclopropane-oxygen mixture by the closed 
technique, and administered by a resident 
physician anesthetist. Blood was given before 
and during operation and in many cases fol- 
lowing operation. The average interval be- 
tween admission and surgery was 3.2 hours. 
In the order of their frequency, factors causing 
delay were usually availability of the operat- 
ing room, establishment of the diagnosis, and 
time needed for the attending gynecologist to 
reach the hospital. 

Celiotomy was performed in all cases. The 
procedure was most often limited to a salpin- 
gectomy or salpingo-oophorectomy. With in- 
terstitial pregnancy, cornual resection or su- 
pravaginal hysterectomy was necessary. In 2 
cases where the opposite fallopian tube had 
been removed previously, a partial salpingec- 
tomy was done on the affected side. The 
abdominal and pelvic cavities were evacuated 
of free clots and blood encountered in the path 
of necessary surgery. Following operation, 
sulfonamides, penicillin, further blood, and 
oxygen therapy were provided as indicated. 
The patient was out of bed within 24 hours 
for early ambulation. She was placed on an 
antianemic regimen, and the average period 
of hospitalization following operation was 
13.5 days. 

For convenience, the method of average 
values has been used in the findings listed. 
The average values on admission laboratory 
and clinical data are presented in the 35 pa- 
tients and compared with the average values 
of 50 normal prenatal cases in their first 
trimester of pregnancy: 


Normal pre- 
natal cases 
(average in 
50 patients) 


Ectopics with 
hemorrhage and 
shock (average 
in 35 patients) 
116 (a) 
6 


97: 
60/34 (b) 


3.04 (c) 


Radial pulse 
Rectal temperature. 
Blood pressure 
Red blood count, 
million/c.mm..... 
Hemoglobin, 
per cent go 62 (d) 
Whole blood count. . 9,983 16,230 (e) 
Polymorphonuclears, 
per cent 68 85 (f) 
Sedimentation rate, 


79 
98.8 
107/69 


4.36 


60 60 (g) 


(a) Excludes 6 cases with pulse unobtainable on admission. | . 

(b) Excludes 5 cases with blood pressure unobtainable on admission. 
(c) R.B.C. not done in 11 cases. (d) Hemoglobin not done in 5 cases. 
(e) W.B.C. not done in 18 cases. (f) Differential not done in 23 cases. 
(g) Sedimentation rate not done in 14 cases. 
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The severity of anemia is obvious when one 
considers that most of these women, prior to 
this insult, were relatively healthy subjects 
with the normal physiological changes of early 
pregnancy. 

An average of 3 pelvic examinations were 
carried out in making a diagnosis. The ex- 
tremes were a case in which 6 examinations 
were done and several in which a single vaginal 
examination sufficed. The preoperative delay 
averaged 3.2 hours, with extremes ranging 
from 30 minutes to 8 hours. 

At operation, fresh intraperitoneal blood, 
estimated from gross blood, saturated oper- 
ative sponges, and suction containers, and 
reported in cubic centimeters, ranged from a 
low of 300 cubic centimeters to a high of 3 
liters (3,000 c.c.). The average blood loss in 
the series was computed at 1,330 cubic centi- 
meters. In addition, old clots were usually 
present. 

It is interesting to compare these figures on 
blood loss with the mean values of blood re- 
placement. The average was 1,250 cubic cen- 
timeters, the low 500 cubic centimeters, and 
the highest figure 4,000 cubic centimeters. A 
total of 88 transfusions of 500 cubic centi- 
meters each were administered in these 35 
cases. Approximately two-thirds (53) were 
given before and during operation, and the 
remaining third (35) in the postoperative 
course. Each patient received at least 1 pint 
of blood. Sixteen units (250 c.c. each) of 
plasma were used, but are not included in 
these blood replacement calculations. 

The primary operative procedures included 
22 salpingectomies, 10 salpingo-oophorecto- 
mies, 2 supravaginal hysterectomies, and 1 
cornual resection. The 19 secondary proce- 
dures performed were: 15 one-point suspen- 
sions, 2 dilatations and curettages, an aspira- 
tion of the cul-de-sac, and 1 resection of an 
ovary. The average duration of operation was 
44 minutes, the shortest taking 20 minutes, 
and the longest 70 minutes. The resident was 
the operator in 28 cases. The primary anes- 
thetic agent used in all 35 instances was cyclo- 
propane; in 2 ether was used as a secondary 
drug. 

The location of rupture was found to be 
ampullary in 16 cases, isthmic in 15, cornual 
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in 2, and interstitial in 3. One patient had a 
cornual and isthmic rupture combined. The 
high incidence of isthmic, cornual, and inter- 
stitial pregnancies in this series would be ex- 
pected, and is readily explained by the exten- 
sive anastomoses of the ovarian and uterine 
arteries. The operator reported evidence of 
active bleeding in 18 cases, and a nonviable 
fetus was recovered in 15 patients. Associated 
microscopic pathology revealed 12 adnexa 
showing chronic salpingitis, and 3 with normal 
tubes. The histological condition of the un- 
involved portion of the salpinx was not re- 
ported in 20 patients. 

The average postoperative stay was 13.5 
days, the shortest being ro days, and 1 patient 
with a mild phlebitis had a 28 day post- 
operative course. 


TREATMENT 


Treatment of these 35 cases may be divided 
for discussion under 4 headings: surgery, anes- 
thesia, treatment of hemorrhage, and auxiliary 
measures. 

Surgery. After the diagnosis has been made, 
success depends on immediate operation by a 
competent team and strict limitation of the 
surgical procedure to the minimum required. 
As soon as the bleeding point is controlled, 
rapid recovery follows. It must be remem- 
bered that transfusion may raise the blood 
pressure, and if there is continued bleeding, 
little may be gained unless surgery to control 
hemorrhage is carried out before, during, or 
immediately after blood replacement. When 
these precepts are followed, there will be no 
additional shock to the patient. It has been 
demonstrated that, no matter how profound 
the shock and profuse the hemorrhage, pa- 
tients operated on soon after rupture will react 
within a short time. Patients operated on 
after hemorrhage has continued for some time 
will respond more slowly even though the 
amount of blood loss is comparatively slight. 
This supports the belief that during a period 
of procrastination, irreversible changes in vital 
organs may occur, and the opportunity to 
perform effective surgery may be lost. 

Anesthesia. The anesthesia of choice has 
been cyclopropane with minimal preoperative 
medication. This agent has beneficial action 
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Fig. 1. Case 1. Patient E.S., anes. No. X652. Operated 
upon August 1, 1939 for ruptured ectopic pregnancy. 


on pulse, blood pressure, and peripheral cir- 
culation following hemorrhage. In severe pros- 
tration, anoxia is present and oxygen, vital for 
resuscitation, must be given at once. Little 
anesthesia may be necessary. Anesthetic 
drugs play a role in peripheral circulatory 
dynamics and some interfere with the com- 
pensatory mechanism, rendering blood re- 
placement less effective. 

Animal experiments show that most efficient 
blood flow after hemorrhage and during anes- 
thesia occurs when local or cyclopropane is 
used (9). This is also true in vasomotion after 
hemorrhage and in maintaining the epineph- 
rine reactivity that occurs after initial bleed- 
ing. Ether is the poorest agent because it 
dampens the compensatory responses in the 
capillary bed. It is best avoided in circum- 
stances of hemorrhage. To date, pentothal 
has an unpredictable influence on capillary 
circulation and has limited safety. An im- 
provement in circulation with cyclopropane 
given after hemorrhage is demonstrated by an 
increase in the mean arterial blood pressure 
and pulse pressure as well as a slowing of the 
pulse rate. These points are illustrated in the 
following case reports. 


Case t. E. S., 139405 (X652), aged 26 years, had 
a ruptured ectopic pregnancy. The hemoglobin was 
50 per cent and red cell count 2.8 million. Pulse rate 
on admission was 140, rectal temperature 96 degrees 
F., and blood pressure 72/52. She received 500 cubic 
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Fig. 2. Case 2. Patient C.S., anes. No. X288. Operated 
upon April 5, 1942 for ruptured ectopic pregnancy. 


centimeters of whole blood on admission. No intra- 
venous therapy was given immediately before or 
during anesthesia. Before induction, the blood pres- 
sure had dropped to 50 millimeters systolic and 30 
diastolic, pulse rate remained 140. Afterward, blood 
pressure increased to 110/70. Pulse slowed to 80, 
then increased to 120 beats per minute. 

CasE 2. C. S., 18945 (X288), aged 30 years, had 
a ruptured ectopic pregnancy. Pulse rate on ad- 
mission was 130, blood pressure 70/38, hemoglobin 
50 per cent, red count 3.1 million. She was given mor- 
phine sulfate and scopolamine by hypodermic and 
taken immediately to the operating room where 
induction with cyclopropane was started. Within 
10 minutes of induction, the pulse had dropped to 
60 and the blood pressure rose to g0/60. Operation 
was started simultaneously with a saline infusion. 
Further response occurred and at time of ligation 
of bleeding point, pulse had levelled off at 86 and 
blood pressure had risen to 110/60. Transfusion was 
started and when surgery was completed the pulse 
was 92 and blood pressure 106/60. The patient was 
carried in the first plane of anesthesia throughout. 

CAsE 3. K.T., 20125 (X453), aged 30 years, had 
a ruptured ectopic pregnancy. Pulse rate on ad- 
mission was 140, blood pressure 40/o, and hemo- 
globin 40 per cent. She was taken immediately to 
the operating room where induction was started at 
once. The patient was carried in the first plane for 
20 minutes with good response of blood pressure, 
pulse remaining the same. Two vigorous abdomino- 
pelvic examinations were done under anesthesia with 
pulse, blood pressure, and respirations reacting most 
unfavorably. Laparotomy was started as soon as 
the operating room staff was ready and a left 
salpingo-oophorectomy was performed. The bleed- 
ing point was controlled and the blood pressure rose 
immediately to 70/50. Blood under positive pressure 
was given intravenously and improvement continued. 
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Cardiac irregularities during anesthesia were 
noted in this clinical series, but no instance of 
cyclopropane overdose was observed because 
the amount used was kept at a minimum and 
its technical administration carefully con- 
trolled. 

Hemorrhage. It has been said that primary 
hemorrhage from the uterus and its append- 
ages rarely proves fatal but the New York 
City Medical Examiners records alone have 
autopsy reports of an average of 8 deaths a 
year from hemoperitoneum in ectopic gesta- 
tion. Readily available blood is essential. A 
hospital blood bank having 1 or 2 pints of type 
O Rh negative blood on hand at all times may 
be the factor between life and death in the 
cases of extrauterine pregnancy admitted in 
collapse. Typing and cross matching of blood 
is desirable if there is time. Red blood cell 
counts and hemoglobin estimates within a few 
hours after severe hemorrhage are often high, 
and one must not be misled into believing that 
transfusion may not be required. The danger 
of a single large hemorrhage is obvious, but 
repeated bleeding can be more insidious. In 
either event a diminished blood volume is 
present. In the portal circulation this results 
in liver damage when the blood pressure drops 
to a critical level for a certain period of time. 
The most serious consequence can be damage 
to the brain due to cerebral anemia. There 
must be no delay in giving blood because after 
this time has passed, replacement of blood 
may be of no avail. Shock becomes irrevers- 
ible. Adequate blood replacement frequently 
means more than a single 500 cubic centimeter 
transfusion. When 2 or more units of citrated 
blood, serum, or plasma are administered and 
additional support is immediately indicated, 
it is advisable to follow this therapy with 
whole or freshly heparinized blood. Large 
amounts of citrate solution may cause a lower- 
ing of blood pressure. If immediate operation 
is unavoidably delayed, some patients may 
die if they do not receive blood, but there is 
also a danger that preoperative transfusion 
may start a fresh hemorrhage and cause fatal 
shock. In linking the management of surgery 
and blood replacement, the ideal time for 
operating is when the patient is on the upward 
trend, but with a break in the vascular bed 
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Fig. 3. Case 3. Patient K.T., anes. No. X453. Operated 
upon May 27, 1948 for ruptured ectopic pregnancy. 


no one can foretell when or if there will be 
any improvement. With present day knowl- 
edge of blood replacement and anesthesia the 
means to effect this upward trend are avail- 
able. 

Auxiliary measures. The administration of 
preoperative medication is important only in 
controlling pain or emotional disturbance. It 
should not be routine. Too frequent orders 
of morphine sulfate with the patient in shock 
should be avoided. In 3 instances after opera- 
tion, signs of overnarcotization from pre- 
operative morphine were found in these cases. 
This is caused by the rapid absorption of this 
drug from the capillary bed after the periph- 
eral circulation is re-established by shock ther- 
apy. The use of analeptic and vasopressor 
drugs is mentioned only to be condemned. 
The postoperative course requires good super- 
vision. With cyclopropane anesthesia there is 
a tendency for the blood pressure to drop after 
operation. However, stability of circulation 
will generally follow within a period of 30 
minutes. Additional blood and fluids until 
the patient reacts, oxygen by oropharyngeal 
catheter or tent, antibiotics, antianemic reg- 
imen, and minimal sedation serve to improve 
and shorten the postoperative course. Another 
valuable aid in convalescence is early ambu- 
lation. 
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SUMMARY 

1. A total of 322 patients with ectopic 
pregnancy were operated upon on the gyne- 
cological service at Bellevue Hospital over a 
period of 13 years with only 1 death. 

2. Thirty-five patients who presented signs 
of massive intraperitoneal hemorrhage and 
shock associated with ruptured extrauterine 
pregnancy were studied. There were no deaths. 

3. Management consisted of: (a) immediate 
abdominal surgery, (b) concurrent supportive 
therapy with adequate blood replacement, and 
(c) cyclopropane anesthesia. 

4. The average case findings in these 35 
patients were as follows: (a) red blood cell 
count about 3 million, hemoglobin 62 per cent, 
(b) blood pressure reading 60/34, (c) sub- 
normal temperature, (d) time in hospital prior 
to operation 3.2 hours, (e) estimated intra- 
peritoneal hemorrhage 1,330 cubic centi- 
meters, (f) blood replacement 1,250 cubic cen- 
timeters, (g) duration of operation 44 minutes, 
(h) postoperative hospital stay 13.5 days, 
(i) location of rupture: 16 ampullary, 15 isth- 
mic, 2 cornual, and 3 interstitial, and (j) oper- 
ative procedure: 22 salpingectomy, 10 salpingo- 
oophorectomy, 2 supravaginal hysterectomy, 
and 1 cornual resection. 


CONCLUSION 


Evidence has been presented to show that 
immediate operation and simultaneous use of 
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supportive treatment is the method of man- 
agement in ruptured ectopic pregnancy with 
massive intraperitoneal hemorrhage and shock. 
The advantages are: (a) Mortality rate is 
lowered. (b) The source of hemorrhage is 
attacked and directly controlled. (c) Early 
resuscitation and treatment of anoxia are 
achieved. (d) Secondary hemorrhage is pre- 
vented. (e) In most cases smaller amounts of 
blood are required. (f) The metabolic changes 
secondary to prolonged hemorrhage are pre- 
vented. (g) Fewer postoperative complica- 
tions result, and, furthermore, there is less 
pelvic pathology. 
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FURTHER OBSERVATIONS ON TOTAL BODY WATER 


II. Changes of Body Composition in Disease 


FRANCIS D. MOORE, M.D., F.A.C.S., HAROLD B. HALEY, M.D., EDGAR A. BERING, JR., 
M.D., LAURA BROOKS, M.D., and ISIDORE S. EDELMAN, M.D., Boston, Massachusetts 


N the previous paper of this series (5), the 
water content of the normal human be- 
ing was described, as measured by deu- 
terium dilution. A few theoretical im- 

plications of this measurement were discussed, 
emphasizing the fact that alteration in fat 
content is probably the single most important 
variable other than disease, determining body 
water content in a single patient at any spe- 
cific period of his life. 

In this paper, a series of measurements of 
body water carried out in the presence of 
pathology will be described. Before proceed- 
ing to the cases we must consider the manner 
of interpretation of such data. 


THE PROBLEM 


A patient with carcinoma of the esophagus 
may lose 30 kilograms of weight in 6 months. 
If all of this is fat, an anhydrous tissue, the 
absolute volume of water in his body should 
remain unchanged. The relative amount of 
water in his body may be expected to increase, 
and the extent of its increase will be a measure 
of the amount of fat lost. If he has lost mostly 
fat and has an untouched store of body water 
and lean tissue, protein and electrolyte, his 
response to the acute trauma of surgery 
should be good; but he will probably withstand 
prolonged starvation poorly because he has 
lost his endogenous source of calories. He 
may be very prone to edema and hypopro- 
teinemia if water and salt are used too liber- 
ally or if his heart is embarrassed. 
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By contrast we may consider the patient 
with pyloric obstruction and vomiting. There 
is acute weight loss over a 4 day period: | His 
loss is water and the extent of weight loss 
indicates the amount of water lost. Water 
volume, both relative and absolute, will fall. 
He may stand acute trauma very poorly be- 
cause of the lack of body water to support 
plasma volume, blood pressure, cerebral cir- 
culation, and urine function. In 4 days he has 
not had time to burn a significant amount of 
fat. Therefore, if properly rehydrated, his 
untouched store of body fat should stand him 
in good stead as a source of calories should a 
long interruption of caloric intake occur. 

As a third example we might consider the 
patient with carcinoma of the stomach who 
has lost weight slowly over many months be- 
cause of loss of appetite. This is largely fat 
loss, with a gradual increase in relative water 
volume. That is, his body water has come to 
occupy a progressively larger fraction of body 
weight. As obstruction becomes complete he 
loses water acutely as vomitus. Here is the 
setting for disaster: fat is gone and any further 
need for endogenous calories must be met at 
the expense of lean tissue, and as a further 
hazard the patient is dehydrated and is poorly 
equipped to stand acute trauma since trans- 
capillary restoration of his depleted blood 
volume cannot take place. 

It is thus clear that during weight loss, 
changes in total body composition may in- 
volve widely variant changes in total body 
water (both absolute and relative), in body 
fat, and in fat-free solids (3, 9, 11). Gains 
in weight as a feature of normal growth or 
convalescence or in such diseases as renal 
failure, heart failure, or liver disease with asci- 
tes partake of this same variation in composi- 
tion. What is needed is a framework for inter- 
pretation so that, given a series of body water 
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Fig. 1. Body composition in the 6 body types described 
in the text. Each block diagram shows the percentage of 
fat, fat-free solids (FFS), and water. The lean body mass 
is considered as total body water plus fat-free solids. The 
latter consists largely of protoplasmic protein and extra- 
cellular solids such as collagen, elastin, and bone matrix. 
Both here and in subsequent figures, lean tissue is calculat- 
ed on the basis of 73 per cent water except where acute 
water changes make any calculation of lean tissue water 
subject to large error. Fat content and specific gravity are 
calculated from the formulas referred to in the text. 


measurements, we may determine what 
changes in body composition they signify, and 
what implications they have for a normal re- 
sponse to trauma. To establish this frame- 
work we first must systematize a simple de- 
scription of the patient’s body build, as being 
one determinant of the tissue changes which 
he is capable of exhibiting, and second we 
must categorize loosely the types of alteration 
which might be observed. 


SCHEME OF INTERPRETATION 
BODY TYPES 


Alterations in body composition may occur 
in individuals of 6 basic body types as follows: 
Males: M—1 Normal Females: F—4 Normal 


habitus habitus 
M—2z Thin F—5 Thin 
M—3 Obese F—6 Obese 


In this simple system we have intentionally 
avoided complicated ‘‘somatotypes”’ since it is 
our conviction that a system of observation 
and interpretation must be developed which is 
understandable to us as clinicians and appli- 
cable to the guidance of treatment at the bed- 
side. This is a deliberate oversimplification to 
clarify interpretation. We do not deny the 
anthropologic significance of somatotypes (19). 

In Figures 1 and 2 are shown diagrammat- 
ically the body content of fat, fat-free solids, 
and water in the 6 body types mentioned 
above. These are based on our normal values 
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(5) and the formulas of Pace and Behnke. 
In Figure 1, for ease of comparison, these are 
shown for men of 70 kilograms and women of 
60 kilograms. In Figure 2, as an example of 
the wide spread of composition which may be 
observed in normal adults, are shown similar 
calculations based on a variable series of body 
weights. In considering total body constit- 
uents we must abandon all our habitual ideas 
about the biologic constancy of the human 
body. If in one room we have a thin male 
patient weighing 75 kilograms and in the next 
an obese female weighing 45 kilograms, the 
total water available for biological processes 
in the two patients varies from 17 liters in the 
female to 45 liters in the male. The relative 
amount of fat available for caloric supply dur- 
ing starvation is inversely variable. 


TYPES OF CHANGE IN BODY COMPOSITION 


It is important next to direct our attention 
to the observable changes in body water in a 
single body type (male, normal habitus) un- 
dergoing characteristic types of alteration in 
body composition. This will give us an idea 
of the magnitude of the changes we might 
expect. In these theoretical examples, 8 
“pure” types of alteration are considered for 
clarity of concept. In the patient “mixed” 
gains and losses often occur. In all the exam- 
ples a weight change of 10 kilograms will be 
employed for calculation. 

Gains and losses may be divided into 8 basic 
groups as follows: 


Losses: 
I. Whole tissue loss (‘‘balanced starva- 
tion’’) 
II. Fat loss 
III. Water loss 
IV. Lean tissue loss 
Gains: 
V. Whole tissue gain (“‘balanced gain”) 
VI. Fat gain 
VII. Water gain 
VIII. Lean tissue gain 


In Figures 3 to 10 are shown diagrammat- 
ically the changes in body composition which 
occur in a normal adult male in the course of 
these 8 alterations in body composition. In 
the upper section of each figure are shown 



















t- 


of 











MOORE ET AL.: 


block charts of the changing composition. 
Below are shown the calculated body specific 
gravities where such approximations are pos- 
sible. In the lower section are shown the 
changing water contents by two modes of ex- 
pression, “per cent water” (relative) and 
“liters of water’ (absolute). It will be noted 
that the slopes of these two indices form a 
characteristic configuration for each type of 
gain or loss. Again it should be emphasized 
that we are describing 8 “pure” types of 
change, an understanding of which is a neces- 
sary preliminary to study of the “mixed” 
losses commonly encountered in the clinic. 


Type I Change: Whole Tissue Loss or 
“Balanced Starvation”’ 


Clinical example.—Short periods of fasting 
without thirsting as in carcinoma of hypo- 
pharynx and esophagus. 

Chemical characteristics.—Loss of weight 
without alteration in relative composition. 
The tissue lost has the same composition as 
the body at the start. Relative water volume 
remains constant while absolute water volume 
falls (Fig. 3). 

Comment.—This is rare because the pro- 
longation of fasting beyond a few days results 
in differential loss of fat and in salt retention 
(9). If water and salt are given freely there is 
often an increase in total body water and the 
formation of nutritional edema, producing a 
change in composition which departs radically 
from the “balanced starvation” described here 
and in Figure 3. The early change in body 
composition following stress, surgery, or acute 
disease is a mixed tissue loss, relatively high in 
fat content and therefore not truly balanced 
tissue loss. In rare instances particularly if 
fat content is small, the posttrauma loss may 
closely approximate true balanced tissue loss. 


Type II Change: Fat Loss 


Clinical examples.—Inadequate caloric in- 
take with only minor loss of nitrogen. Carci- 
noma of the stomach, dieting in obesity. 

Chemical characteristics.—Loss of fat, with 
maintenance of constancy in composition of 
the lean body mass and therefore a large in- 
crease in the relative volume of body water, 
with no change in its absolute volume (Fig. 4). 
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Fig. 2. Body composition in the 6 body types, showing 
the wide range of variability over a range of body weight 
from 60 to 110kilograms. Note, for example, the difference 
in body water and fat between the thin male and obese 
female, at 85 kilograms. Constructed as in Figure 1. 


Comment.—This is very commonly ob- 
served either in “pure” form or as a large ele- 
ment in “‘mixed” losses in surgical patients. 
Periods of weight loss such as those incident 
to early carcinoma, active duodenal ulcer or 
voluntary diet restriction fall into this cate- 
gory (3, 9, 14). In weight losses persisting 
over periods of several months, fat loss clearly 
predominates over loss of lean tissue, al- 
though some nitrogen loss accompanies fat 
lost in most wasting diseases. 


Type III Change: Water Loss 


Clinical example.—Acute gastric or intes- 
tinal obstruction, untreated. Thirsting and 
exposure to heat, acute diarrhea, and intestinal 
fistulae are also examples. 

Chemical characteristics.—Loss of water, 
with negligible loss of body solids other than 
electrolyte (whose weight is negligible).’ Both 
relative and absolute reduction in body water 
take place (Fig. 5) (10, 13). 

Comment.— When it occurs massively with- 
out treatment, loss of water and salt proceeds 
rapidly to reduction in plasma volume, hemo- 
concentration, shock, and death. If dehydra- 
tion proceeds slowly with starvation, the proc- 
ess may be of long enough duration to pro- 
duce also a significant loss of fat and lean 
tissue. 


1In this discussion we intentionally avoid differentiation be- 
tween ‘‘pure water” loss (lungs) and ‘‘water and salt” (sweat, 
urine, and gastrointestinal tract), because both produce an in- 
crease in relative fat volume. 
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Fig. 3. Whole tissue loss. In this and the succeeding 7 
charts, changes in body composition are diagrammed as 
they would occur with a weight change of 10 kilograms in 
the 8 “pure” alterations of composition described in the 
text. The left-hand block represents composition prior to 
the change (the normal male is used as an example through- 
out) and the right-hand block represents composition after 
alteration. The water content of lean tissue is shown, and 
wherever possible it is assumed to be unchanged. The 
specific gravity, relative water content (“per cent water’’) 
and absolute water content (“liters of water’) are shown 
below. In whole tissue loss relative composition is un- 
changed; relative water content remains constant while 
absolute water content falls. 


In Figure 5 the rapid loss of 10 liters of wa- 
ter is diagraramed only as an example com- 
parable to the other charts; such a large water 
loss proceeding rapidly would not be compat- 
ible with life because of oligemic shock and 
the alteration in lean tissue composition atten- 
dant upon the water loss itself. The nature 
of the electrolyte loss occurring with water 
loss is the factor which determines the detailed 
effect on acid-base balance and extracellular 
tonicity. 


Type IV Change: Lean Tissue Loss 


Clinical example.— Muscular wasting with- 
out loss of fat as in poliomyelitis, muscular 
dystrophies, other neuromuscular disorders or 
fracture immobilization; the final stages of 
starvation, after all fat has been burned. 
The metabolic disorder of Cushing’s disease 
involves lean tissue loss and fat gain. 
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Chemical characteristics.—Loss of lean 
tissue manifests itself by negative nitrogen 
balance and loss of intracellular electrolyte 
with proportional water. The relative per- 
centage of fat increases. The composition of 
the remaining lean tissue is unchanged, and 
total body water, both relative and absolute, 
falls (Fig. 6). 

Comment.—This should be encountered in 
extraperitoneal disease, where muscular wast- 
ing occurs while diet remains adequate. 


Type V Change: Whole Tissue Gain 


Clinical example.—Normal growth. Con- 
valescence from prolonged illness or trauma. 

Chemical characteristics. — Proportional 
gains of all elements of the body. Normal 
growth satisfies this definition except at such 
times as fat is being gained disproportionately 
as for example in the female at puberty. Ab- 
solute water volume rises; relative water 
volume is unchanged (Fig. 7). 

Comment.—The anabolic stages of con- 
valescence' do not satisfy this definition in- 
dividually as nitrogen gain usually precedes 
fat gain (14), yet the total convalescent pro- 
cess does meet these requirements. 


Type VI Change: Fat Gain 


Clinical example.—The late postoperative 
course in ulcerative colitis, or in certain in- 
dividuals after subtotal gastrectomy, answers 
this definition. Weight gains of 15 to 30 kilo- 
grams in such instances are usually due to fat 
accumulation. The aging female, with over- 
eating, may show virtually “pure” fat gain. 

Chemical characteristics.— Gain of fat only, 
resulting in a fall in relative water content, 
while absolute water content remains con- 
stant and weight increases (Fig. 8). 

Comment.—The final phase of convales- 
cence (“fat gain phase”) answers this defini- 
tion. Weight gain with advancing years ap- 
pears to be a combination of fat gain with 
lean tissue loss. 


Type VII Change: Water Gain 


Clinical example.—Heart failure, liver fail- 
ure, nephrosis. Early postoperative convales- 


1A description of patterns of convalescence, and of the phases 
of anabolism is to be found in Moore and Ball (14). 
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cence (when water administration is exces- 
sive) may produce essentially this picture. 

Chemical characteristics.—There is a gain 
of water and electrolyte, the weight of the 
latter, as in water loss, being negligible. The 
percentage ot fat falls; water volume (both 
absolute and relative) increases. Because the 
extracellular phase of the lean body mass 
becomes larger, the water content thereof in- 
creases (Fig. 9). 

Comment.—In the example shown, the 
starting values are normal. In repletion of 
small bowel obstruction and other dehydrat- 
ing diseases the same changes may occur, 
starting from dehydrated values. 


Type VIII Change: Lean Tissue Gain 


Clinical examples.— Resumption of exercise 
alter immobilization (often accompanied by 
fat loss); athletic training; convalescence. 

Chemical characteristics. — Weight gain 
wholly accountable on the basis of positive 
nitrogen balance and gain of electrolyte. Be- 
cause gain is wholly fat-free, water volume, 
both relative and absolute, rises (Fig. 10). 

Comment.—The third phase of convales- 
cence (“spontaneous anabolic phase”) an- 
swers this definition completely (14) since it 
consists of weight gain accounted for wholly 
by positive nitrogen balance. 


METHOD AND CALCULATIONS 


Studies in 25 cases are presented, in which 
68 measurements of total body water were 
made. In all, total body water was measured 
by intravenous injection of 99.8 per cent 
deuterium oxide, with measurement of the 
equilibrium deuterium concentration by the 
falling drop method.’ The calculation of total 
body water is based on two or more plasma 
samples taken between 2 and 4 hours after in- 
jection. Preparation, sampling, and density 
measurements were all carried out as previ- 
ously described (7, 12, 17, 18, 20). 

Metabolic balance study was carried out in 
some of the cases as described elsewhere (14). 

We then proceeded to the calculation of 
changes in total body composition. As basic 


In occasional instances, especially where low deuterium con- 
centrations were encountered, analyses were performed on the 
mass spectrometer (20). 
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Fig. 4. Fat loss. Absolute water content is unchanged; 
relative water content rises. 


to all these calculations is the first assumption, 
justified by repeated observation, that normal 
lean tissue contains about 73 per cent water? 
(5). It is on this firm foundation that all else 
rests. 

It is important to note that skeletal muscle 
comprises the largest single lean tissue of the 
lean body mass. Second is the assumption 
that if body water is unchanged and lean 
tissue remains constant as measured by nitro- 
gen balance while weight changes, the change 
in weight is due to a change in the fat content 
of the body, the fat being anhydrous. A cor- 
relative concept here is the fundamental ob- 
servation of Behnke and Pace that, given a 
lean body mass of constant water content, 
the chief variable in determining specific 
gravity (and hence weight for a given body 
volume) is the amount of fat present and the 
quantity of fat present may be predicted from 
the water content. Third is the employment of 
a “lean tissue coefficient” of 30 for nitrogen; 
the change in nitrogen balance multiplied by 
30 gives the change in lean tissue (6, 14). 
These three foundations for the interpretive 


2Whether this figure should be 72.4 or 73.1 is of little con- 
sequence in the development of our interpretation, although it is 
of great importance in developing specific gravity formulas. 
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system are sound and well justified in concept 
and principle; the details may change as 
experience develops. 

The arithmetic development of the cases is 
based on the following: 


Weight — Total body water = Total body solids (1) 


Where water content is known the per cent 
of fat, in the normal state, is calculated from: 


Cc 
a (2) 


4 ~ 


% Fat = 100 


In the normal subject, the specific gravity 
may be calculated from: 


5.548 » 


CO, Fat= ou ) 
% Fat = 100 Sp. Gr. 5-044 ) (3) 
Where nitrogen balance is measured, 
N X30= Lean tissue! (4) 
N X8.1=Lean tissue (fat-free) solids (s) 
N X21.9= Lean tissue water (6 


Where the water change is representative of 
lean tissue change only, 


Water change X1.37=Lean tissue change (7) 


Equation 7 follows directly from equations 
4, 5, and 6. 

Body solids are made up of proteins, fat, and 
minerals. The mineral phase contributes 
about 7 per cent of the body weight (mostly 
in the skeleton). 

Where long term weight changes occur with 
constant body water and zero nitrogen 
balance: 


Fat change = Weight change (8) 


Where there is a large weight change and a 
small water change, a figure can be derived 
for maximum lean tissue solids and minimum 
fat gained or lost. These expressions assume 
that the change in water content is derived 
from normal lean tissue, and are as follows: 


Maximum lean tissue solids change = 0.367 X 


water change (9) 
Minimum fat change = Weight change — 
(0.367 Xwater change) (10) 


1The nitrogen coefficient for lean tissue (30) and that for lean 
tissue solids (8.1) will stand in need of revision on the basis of 
more data from human histochemical analysis. The present 
coefficients are based on total lean tissues including bone and are, 
therefore, high as applied to soft lean tissues in short term calcu- 
lations. They serve our present purpose in indicating orders of 
magnitude; the downward revision may amount to only a few 
per cent. 





Equations 9 and 10 need be employed only 
where nitrogen balance data are lacking. 

Such calculations, while not precise in the 
face of changing lean tissue composition, offer 
a first approximation of changes in total body 
composition in disease. It is our purpose here 
to explore such changes in a wide variety of 
pathologic states, and to follow such calcula- 
tions through to a conclusion. 

Limiting factors in the deuterium total 
body water method yield an overall accuracy 
of 2 to 3 percent (5). In carrying out calcula- 
tions in these cases we are occasionally dealing 
with changes within these limits of error. We 
have, nonetheless, followed the calculations 
through to gain a first order estimate of 
changes, realizing the limitations of the 
method where minor changes are involved. 

CASES 

For ease of study, the cases are arranged in 
five groups: (1) fat changes, (2) water changes, 
(3) mixed or whole tissue changes, (4) thyro- 
toxicosis, and (5) burns. 

The first three groups comprise a patho- 
logically heterogeneous series of patients from 
general surgery and medicine who exhibit 
gains or losses falling into those loose classifi- 
cations. Thyrotoxicosis and burns are con- 
sidered separately because of the characteristic 
alterations which accompany those diseases. 
In the majority of cases multiple observations 
were made; in a few instances cases are in- 
cluded where but a single observation was 
made. 

FAT CHANGES 

Seven cases are reviewed in which fat 
changes predominate. In 4 (Cases 1, 2, 3, and 
4) complex postoperative changes, or the 
natural progression of cancer are responsible. 
In 1 (Case 5) altered function of pancreatic 
islets is responsible for a huge fat loss. In 1 
(Case 6) acute illness without trauma pro- 
duces fat loss. In Case 7 a large fat gain is seen 
in convalescence after wide cancer surgery. 


CASE 1. Cancer of colon with metastasis; fat loss pre- 
dominates. Unit No. 4B310, C.M., a 57 year old 
male, was admitted with a history of weight loss of 
19.5 kilograms in a year. He was cachectic. Ad- 
vanced carcinoma of the colon, with metastases, was 
found at exploration. 
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Fig. 5. Water loss. Dehydration occurring rapidly draws 
water from the extracellular phase of lean tissue, thus 
lowering its water content and increasing its specific grav- 
ity. The calculation of body specific gravity therefore 
cannot be carried out by the standard formula. Water 
content, both relative and absolute, falls. 


Examination on December 15, 1950 showed his 
total weight to be 44.5 kilograms; total water, 33.4 
liters, 75.0 per cent body weight; and total solids!, 
11.1 kilograms, 25.0 per cent body weight. 

This is one of the highest relative water volumes 
we have measured, and it indicates a massive loss of 
fat (and probably some water retention) due to 
cancer. There are no fat stores left. His total body 
water as observed was about the right volume 
(33.4 1.) for his normal weight of 64.0 kilograms 
prior to the onset of disease. This fat loss of 19.5 
kilograms in a year represents an approximate aver- 
age loss rate of 55 grams per day. His serum protein 
in 5.7 grams per cent and he withstood operation 
well. 

CasE 2. Cancer of the stomach; fat loss predomi- 
nates. Unit No. 8B44, W. K., an 87 year old man, 
was admitted with a history of weight loss of 18.2 
kilograms in 6 months. He was found to have an 
advanced carcinoma of the stomach. 

Examination on January 11, 1951 showed his 
total weight to be 40.8 kilograms; total water, 30.7 
liters, 75.2 per cent body weight; and total solids, 
10.1 kilograms, 24.8 per cent body weight. 

This is another example of an ‘excessively high” 
total body water, at 75.2 per cent of body weight. 
In this instance, as in Case 1, it is due to caloric 
starvation with loss of nearly all the body fat. 

‘The term “total solids” is used throughout the case studies to 


denote the total body solids (not only fat-free solids) including 
fat, bone, and lean tissue solids. 


Fig. 6. Lean tissue loss. Absolute fat volume is un- 
changed; relative fat volume increases. Water content, 
both absolute and relative, falls. 

Fig. 7. Whole tissue gain. Relative composition is un- 
changed; relative water volume is constant while absolute 
water volume rises. 


Water intake had been maintained. Water and salt 
retention, a common accompaniment of prolonged 
starvation (9, 14) had taken place adding further to 
the high water fraction. Edema was not evident 
clinically. 

By extrapolation to his normal weight and body 
build, we estimate that he lost a maximum of 10.1 
kilograms of fat in 6 months; this is a rate of 56 
grams a day. It is important to emphasize that this 
patient’s normal body build was lean; an obese per- 
son might lose more fat and still have some left! 

CASE 3. Cancer of the stomach; whole tissue loss. 
Unit No. 5B258, J.C., a 64 year old man, had lost 
19.8 kilograms in 8 months. He was known to have 
had cancer of the stomach, now recurrent after total 
gastrectomy 8 months previously. 

Examination on February 15, 1950 showed his 
total weight to be 43.2 kilograms; total water, 25.1 
liters, 58.1 per cent body weight; and total solids, 
18.1 kilograms, 41.9 per cent body weight. 

This case is documented for its contrast to Cases 
1 and 2. Here, a man of average body build had lost 
weight, but he had lost it more slowly and the lost 
tissue appeared to contain less fat. Back-calculation 
to his normal weight and build indicates the loss of 
only 6.3 kilograms of fat. About 1/3 of the loss had 
been fat; therefore the body water remained close 
to normal after loss of 31 per cent of the patient’s 
body weight. There is weight loss with maintenance 
of a normal water fraction. This closely approxi- 
mates the criteria for “balanced tissue loss.”’ It is 
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important to emphasize that this patient was post- 
operative during the early phase of this period of 
weight loss. This explains the relatively larger con- 
tent of lean tissue in the weight lost, as will become 
clear in a later section on postoperative and mixed 
tissue changes. 

CASE 4. Complicated course after subtotal gastrec- 
tomy; fat loss predominates (Fig. 11). Unit No. 
8A815!, L.S., a 66 year old male, was admitted to 
the hospital on September 26, 1949 with a story of 
repeated gastrointestinal hemorrhage and repeated 
bouts of acute pyelonephritis. The finding of poly- 
poid antral gastritis led to subtotal gastrectomy 
carried out on October 23, 1949. This was followed 
by a complicated convalescence characterized by 
wound dehiscence, wound sepsis, jejunal fistula, re- 
peated pyelonephritis and phlebothrombosis. He 
was finally discharged on December 20, 1949 with 
all wounds healed, and taking nourishment well. 

Preoperative examination on October 10, 1949 
showed total weight to be 66.6 kilograms; total 
water, 32.1 liters, 48.3 per cent body weight; total 
solids, 34.5 kilograms, 51.7 per cent body weight. 

He was a short, fat male whose total body water 
was low and whose total body fat was high, as one 
would expect in this body build. We would predict, 
on the basis of a large fat fraction, that this patient 
would withstand prolonged starvation well. 

Examination on October 26, 1949, 13 days after 
gastrectomy, 9 days after wound dehiscence, 4 days 
after development of phlebothrombosis, showed the 
patient to be acutely septic, with fever. Caloric 
intake was grossly inadequate. His total weight was 
65.8 kilograms; total water, 33.9 liters, 51.5 per cent 
body weight; total solids: 31.9 kilograms, 48.5 per 
cent body weight. 

The patient had lost negligible weight between 
the first and second examinations (800 gm.) but his 
total body water had increased 1.8 liters. There was 
therefore a loss of 2.6 kilograms of body solids. 
Metabolic balance demonstrated a loss of 44 grams 
of nitrogen, accounting for 1,320 grams of lean 
tissue (357 gm. lean tissue solids). The remainder 
(2.2 kgm.) was fat, utilized for energy during caloric 
starvation. During this short period of caloric de- 
ficiency this loss of solids was largely fat. This was 
an example of fat loss with water gain, in this in- 
stance associated with the retention of 1,260 millie- 
quivalents of sodium. The actual increase in body 
water was far short of that predicted from sodium 
balance; to some degree this may be accountable as 
intracellular shift of sodium. There may have been 
extrarenal sodium losses (e.g. sweat), in this instance 
of sufficient magnitude to introduce a large error in 
balance. 

By the third examination on November 9g, 1949, 
the patient had developed a jejunal fistula (9 days 
previously) which was at its peak fluid output at the 
time of this observation. He had received partial 

'This is Case 20 in Moore and Ball (14). 


2Observations on water turnover rate in this and other cases 
have been presented in a separate article (8). 
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but ineffectual oral feeding during the previous 2 
weeks. His total weight was 59.6 kilograms; total 
water, 30.0 liters, 50.4 per cent body weight; total 
solids, 29.6 kilograms, 49.6 per cent body weight. 

The patient had lost 6.2 kilograms since the pre- 
vious observation (14 days). His total body water 
fell 3.9 liters. There was a loss of 2.3 kilograms of 
solids. Balance study indicated the loss of 26 grams 
of nitrogen or 780 grams of lean tissue (210 gm. of 
lean tissue solids). The solid loss therefore included 
2.1 kilograms of fat. The most water loss occurred 
between October 26 and November 12 when the 
patient had a marked spontaneous diuresis of water 
and a loss of sodium totalling 1,050 milliequivalents, 
Here the loss of sodium outstrips the observed water 
loss, the exact converse of the situation observed in 
the second observation and again suggests (but does 
not prove) a very large cellular migration of sodium 
during positive balance. 

The fourth study was made on November 30, 
1949. The jejunal fistula had been closed surgically 
to days prior to this observation. The patient had 
been eating well for about 2 weeks although another 
acute bout of pyelonephritis just prior to fistula 
closure constituted a severe clinical setback. The 
total weight was 59.6 kilograms; total water, 31.5 
liters, 52.8 per cent body weight; total solids, 28.1 
kilograms, 47.2 per cent body weight. 

There was no change in weight between the third 
and fourth observations, but an increase in absolute 
and relative water volume. This indicated a further 
loss of body solids, in this instance amounting to 1.5 
kilograms. Nitrogen balance in this interval was 
essentially zero, indicating that this loss was wholly 
fat, despite the absence of any change in weight. 
The oxidation of this 1,500 grams of fat in 21 days 
(71 gm. a day) contributed 13,500 calories to the 
patient’s energy requirements, or 640 calories per 
day. Through the entire period of observation 
(October 10 to November 30, 50 days) the patient 
lost 5.8 kilograms of fat, accounting for 52,200 
calories or an average of 1,045 calories per day (on 
the basis of 9 calories per gram of fat). 

CAsE 5. Islet cell tumor of the pancreas (removed); 
fat loss predominates (Fig. 12). Unit No. 7B208, 
M.N., a 71 year old female, was admitted July 24, 
1950 with findings suggestive of hyperinsulinism. 
She had eaten large amounts of carbohydrate over 
many years to control her hypoglycemic symptoms; 
she was remarkably obese. A small islet cell tumor 
was removed August 7, 1950 and her convalescence 
was marred only by a local cellulitis around a 
saphenous infusion site. 

At the first observation on August 21, 1950, 14 
days postoperative, her total weight was 94.1 kilo- 
grams; height, 166.5 centimeters; total water, 35.9 
liters, 38.2 per cent body weight; total solids, 58.2 
kilograms, 61.8 per cent body weight. 

The patient had no marked nutritional difficulties 
postoperatively and took her diet well. Her blood 
sugar, formerly very low, now rose to a diabetic 
Her body habitus was unchanged. She 
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lig. 8. Fat gain. Fat content rises while the relative 
water volume falls. The absolute water volume remains 
unchanged. 

lig. 9. Water gain. As in water loss (cf. Fig. 5) the wa- 
ter content of lean tissue is altered, here upward. This in- 
crease is probably largely in the extracellular phase of lean 
tissue; specific gravity thereof is lowered. Total body 


showed the low water fraction associated with 
obesity. Her body water was the lowest and her 
body fat the highest of any of the cases that we have 
observed. 

At the second examination on December 10, 1950, 
4 months postoperative, her total weight was 85.3 
kilograms; total water, 35.0 liters, 41.0 per cent body 
weight; total solids, 50.3 kilograms, 58.9 per cent 
body weight. 

The patient gained strength and convalesced satis- 
factorily between the first and second observations. 
Her hyperinsulinism was replaced by mild diabetes. 
Glucose intake was sharply curtailed. The patient 
had now lost 8.8 kilograms with the loss of only goo 
cubic centimeters of body water. Since the loss of 
muscle tissue as lean body mass involves concom- 
itant loss of water, we may reason that the lean 
tissue loss here has been 1.2 kilograms at a maxi- 
mum (based on goo c.c. as water of lean tissue). 
This includes 0.3 kilograms of lean tissue solids. 
The patient therefore lost (as a minimum) 7.6 kilo- 
grams of fat. 

In the fourth observation which was made of Case 
4 We Saw constant weight with water gain as an evi- 
dence of fat loss. Here we see the converse, weight 
loss with constant water content, as evidence also 
of fat loss, here much more extensive than in Case 4. 
This loss of 7,600 grams of fat in a period of 120 days 
(63 ” a day) yielded 68,400 calories or 570 calories 
per day. 


specific gravity cannot be calculated. Body water content, 
both relative and absolute, rises. 

Fig. 10. Lean tissue gain. Water content, both relative 
and absolute, rises. Looking back over Figures 3 to roit is 
clear that the joint configuration of the relative and ab- 
solute water changes is a first clue to the nature of the 
alteration in body composition. 


CasE 6. Sulfonamide anuria; fat loss predominates.' 
Unit No. 8B154, E.B., a 55 year old male, was ad- 
mitted on January 24, 1951 with a history of 3 
days of anuria following ingestion of sulfonamides. 
He was dehydrated and toxic. On the day following 
admission he was dialyzed on the artificial kidney. 
On dialysis his blood urea nitrogen fell from 149 to 
68 milligrams per cent. His sulfonamide level fell 
from 21.8 to 13.6 milligrams per cent. Several days 
later his urine output became re-established and 
this acute problem subsided. 

At the first observation on admission, January 25, 
1951, his total weight was 71.4 kilograms; total 
water, 38.8 liters, 54.4 per cent body weight; total 
solids, 32.6 kilograms, 45.6 per cent body weight. 

These findings were not remarkably out of line 
for a male of this age and build. Water fraction was 
slightly low. Careful conservative treatment prior 
to admission had avoided the overloading with 
water and salt so common in anuric patients. 

At the second observaton on February 7, 1951, 12 
days after dialysis, his total weight was 63.0 kilo- 
grams; total water, 35.6 liters, 56.6 per cent body 
weight; total solids, 27.4 kilograms, 43.4 per cent 
body weight. 

Renal function had now returned to normal but 
in the 4 days before this second observation the pa- 


1We are indebted to Dr. George Thorn and the Medical Service 
of the Peter Bent Brigham Hospital for permission to study Cases 
6, 9, and 22; and for their co-operation throughout this study. 
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Fig. 11. Complicated course after subtotal gastrectomy. 
Fat loss predominates (Case 4). In this and in subsequent 
tigures, the percentage of fat is estimated on the basis of 
formula 2 (16). Fat free solids (FFS) is then calculated by 
difference. It must be emphasized that the validity of this 
procedure rests on the constancy of water content of lean 
tissue. This constancy may be assumed where composition 
changes are slow and water shifts are not prominent or 
large. In certain cases (e.g. K.M., Case 10 and G.S., Case 
14) this assumption is not valid so the block chart is con- 
structed on the basis of total water and total solids, and 
no attempt is made to calculate fat content. 


tient had developed a diarrhea of 7 to 8 stools per 
day. He appeared still to be dehydrated. He had 
lost 8.4 kilograms of which 5.2 kilograms were 
solids and 3.2 liters of water. Total water content 
was still low. This is a disproportional loss of solids 
over water; with a significant rise (54.4 to 56.6 per 
cent) in relative water content despite the water 
loss. We must interpret this as dehydration and 
loss of fat during a period of caloric starvation and 
diarrhea. The minimum fat lost was 4.0 kilograms 
(on the basis that 1.2 kgm. is the maximum lean 
tissue solids for 3.2 liters of water). This is very 
rapid fat loss (310 gm. per day or 2,760 calories) in 
a very acutely ill patient. 

CASE 7. Carcinoma of the stomach, gastrectomy; fat 
gain predominates (Fig. 13). Unit No. P5272, 
D.M. was an 80 year old male, admitted on April 5, 
19s0 with findings diagnostic of carcinoma of the 
stomach with invasion of the liver. He had lost 23 
kilograms in 6 months. He was the picture of severe 
advanced starvation. A feeding jejunostomy was 
carried out on April 15, 1950 and about 5 weeks 
later subtotal gastrectomy, partial pancreatectomy, 
and partial hepatectomy were performed, with com- 
plete removal of gross neoplasm. Convalescence 


was uneventful, weight gain was consistent and 18 
months later he was in excellent health. 

At the first observation on April 12, 1950, shortly 
after admission, his total weight was 46.4 kilograms, 
height 170 centimeters; total water, 29.7 liters, 64.0 
per cent body weight; total solids, 16.7 kilograms, 
36.0 per cent body weight. 

These findings show a total body water to per 
cent (of body weight) higher than is expected for a 
man of this age. It was not, however, over 65 per 
cent of body weight and we may conclude, since the 
patient was obese prior to his disease, that although 
his 23 kilograms of weight loss was largely fat, he 
still had some fat stores left. 

At the second observation on May 24, 1950, 12 
days postoperative, his total weight was 40.0 kilo- 
grams; total water, 32.8 liters, 66.9 per cent body 
weight; total solids, 16.2 kilograms, 33.1 per cent 
body weight. 

The patient had gained 2.6 kilograms of weight 
and 3.1 liters of water, indicating the loss of 500 
grams of body solids. Extra hydration is not un- 
common this early postoperatively in depleted pa- 
tients. Extra water is easily loaded postoperatively 
in the depleted patient. The loss of 500 grams of 
body solids cannot be clearly characterized without 
nitrogen and electrolyte balances. In Figure 13 
values for fat and fat-free solids are indicated, based 
on a first approximation by formula. At the third 
observation on December 20, 1951, 8 months post- 
operative, his total weight was 64.1 kilograms; 
total water, 33.0 liters, 51.5 per cent body weight; 
total solids, 31.1 kilograms, 48.5 per cent body 
weight. 

During this interval (between the second and 
third observations) the patient had eaten a normal 
diet, gained strength, convalesced well, and gained 
15.1 kilograms. There had been no change in total 
body water (the variation of 200 c.c. is within the 
limit of error). 

This is an unusually “pure” example of fat gain, 
an example in which weight gain over many months, 
with a constant total body water, has as its most 
likely interpretation fat gain. The gain of 15 kilo- 
grams of fat in 7 months is an average of 71.0 grams 
a day. The convalescent gain matched the nature 
of the original loss: both were largely fat. He with- 
stood extensive surgery very well. 


WATER CHANGES 


Five cases are reviewed in which changes in 
water content predominate over the other 
alterations in body composition. In 1 (Case 8) 
there is acute dehydration via ileostomy; in 2 
cases (Cases g and 10) endocrine changes 
occur—in one adrenal, the other thyroid—to 
produce alterations in body water. In 1 case 
(Case 11) there is water gain postoperatively, 
and in Case 12, a child with nephritis and 
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Fig. 12. Case 5. Islet cell tumor of the pancreas (re- 
moved); fat loss predominates. 


edema demonstrates water gain on the basis 
of kidney disease. 


CasE 8. Ulcerative colitis, acute intestinal obstruc- 
tion; water changes predominate (Fig. 14). Unit No. 
8A087, M.H., a 31 year old male with a long history 
of ulcerative colitis treated by ileostomy, was ad- 
mitted on December 13, 1950 with a 24 hour history 
of profuse diarrhea from his ileostomy consequent 
upon ileostomy stenosis. The ileostomy had been 
created 8 years before. 

He was acutely dehydrated. His weight on Decem- 
ber 12, 1950 had been 45.5 kilograms. He was treat- 
ed with intravenous infusions of fluid and electrolyte, 
and recovered quickly. His ileostomy stenosis was 
repaired at a later date. 

At the first observation on December 13, 1950, on 
admission, his total weight was 44.0 kilograms; 
total water, 26.8 liters, 61.0 per cent body weight; 
total solids, 17.2 kilograms, 39.0 per cent body 
weight. During 24 hours he had lost 1.5 kilo- 
grams. The body composition now observed was 
still in the normal range. Such acute weight loss in 
intestinal obstruction (or diarrhea) is due to water 
loss but this was not proved here by this single ob- 
servation alone. There is not time for significant fat 
loss; balance study usually demonstrates only minor 
lean tissue losses in such a short period of illness (e.g. 
10 to 15 gm. of nitrogen, 300 to 450 gm. lean tissue 
in 24 hours, as a maximum). 

At the second observation on December 15, 1950, 
2 days later, his total weight was 45.2 kilograms; 
total water, 28.1 liters, 62.1 per cent body weight; 
total solids, 17.1 kilograms, 37.9 per cent body 
weight. 
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Fig. 13. Case 7. Carcinoma of the stomach, gastrec- 
tomy; fat gain predominates. 


During this interval of rehydration the patient 
gained 1.2 kilograms body weight and an approxi- 
mately equal weight (1.3 liters) of water. We may 
describe this as an example of water gain without 
significant change in fat and solids. It is of interest 
that the patient regained his normal weight by the 
addition of water, corroborating the original impres- 
sion that the acute loss had been water with only 
insignificant changes in fat and nitrogen. 

CASE 9. Spontaneous myxedema; water loss pre- 
dominaies. Unit No. E7815, W.D., a 48 year old 
male, was admitted on February 1, 1951 with a 
classical history and physical findings of spontaneous 
myxedema which were confirmed by laboratory 
studies which showed a cholesterol of 319 milligrams 
per cent and a basal metabolic rate of —28. He was 
given gradually increasing doses of thyroid extract 
and when a second study was made 1o weeks later, 
he was euthyroid. 

At the first examination on February 1, 1951, 
when he was untreated, his total weight was 82.1 
kilograms; total water, 45.8 liters, 55.8 per cent 
body weight; total solids, 36.3 kilograms, 44.2 per 
cent body weight. 

The water fraction here was about what would be 
expected for a man of this age and build. On this 
single observation alone no clearcut abnormality 
was discernible although the second observation in- 
dicated the amount of ‘‘extra’”’ water present. 

At the second observation on April 14, 1951, after 
treatment, his total weight was 78.9 kilograms; total 
water, 41.6 liters, 52.7 per cent body weight; total 
solids, 37.3 kilograms, 47.3 per cent body weight. 

While on treatment with thyroid extract this 
myxedematous patient lost 3.2 kilograms of body 
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Fig. 14. Case 8. Ulcerative colitis. Acute intestinal ob- 
struction; water changes predominate. 


weight and 4.2 liters of water. This means that 
while losing water he gained a small amount of 
tissue probably both lean tissue and fat. This is one 
of the few instances we have studied when weight 
loss was less than water loss, and it indicates that at 
the time of the first observation the total body water 
observed, while in the “high normal” range for a 
series of adult males, was in point of fact distinctly 
elevated for this particular individual. It is interest- 
ing that recovery from myxedema has involved 
weight loss, but a gain in body solids. 

CasE 10. Hypertension, adrenalectomy; water 
changes predominate (Fig. 15). Unit No. 7Bs0!, 
K.M., a 41 year old male, was admitted on June 28, 
1950 with a history of nephritis 6 weeks before ad- 
mission, followed by the development of hyperten- 
sion. He had gained 7.7 kilograms during his illness 
and had been grossly edematous. His plasma pro- 
tein concentration was 3.4 grams per cent, blood 
urea nitrogen, 11 milligrams per cent, and cholesterol, 
540 milligrams per cent. The heart was not enlarged 
at first despite a blood pressure of 160/100 but in the 
course of 6 months became enlarged. Albuminuria 
was pronounced. By November 1950 he was enter- 
ing a “dry nephritic phase” with blood pressure 
170/100 and vascular changes in the fundi. Edema 
continued to be pronounced. He underwent bi- 
lateral total adrenalectomy on December 26, 1950. 
Following surgery he was given hormone replace- 
ment therapy with cortisone and percorten. There 
was pitting of his thighs at the time of the first ob- 
servation. His normal weight was 66 kilograms. 


1We are indebted to Dr. G. W. Thorn and Dr. J. H. Harrison 
for the opportunity to study Cases 10 and 15 (21). 


At the first examination on January 16, 1951 on 
the twentieth postoperative day, his total weight 
was 66.0 kilograms; total water, 44.2 liters, 67 per 
cent body weight; total solids, 21.8 kilograms, 33 
per cent body weight. 

The patient’s weight was now normal for him, yet 
he was grossly edematous. From his age, sex, and 
body build his expected normal total body water 
should be 55 per cent of his body weight or 36.3 
liters. It was now 7.9 liters greater than normal, 
He had clearly gained water at the expense of body 
solids. He was still on cortisone therapy at this time 
and his blood pressure was unchanged. 

At the second observation on February 14, 1951 
his total weight was 60.0 kilograms; total water, 
39.9 liters, 66.5 per cent body weight; total solids, 
20.1 kilograms, 33.5 per cent body weight. 

During this month the patient experienced a slow 
diuresis and lost much of his edema, although there 
was still some pitting of his ankles and legs. Blood 
pressure remained elevated. He had lost 6 kilograms 
of weight, of which 4.3 kilograms was water; he had 
therefore lost 1.7 kilograms of body solids. Because 
his relative water volume had remained virtually 
constant (67 and 66.5 per cent) while absolute water 
volume fell, we interpret the 1.7 kilograms of lost 
solids as being proportional loss of fat and lean 
tissue; i.e., “balanced tissue loss.” 

At the third observation on April 5, 1951, his 
total weight was 69.3 kilograms; total water, 47.0 
liters, 67.8 per cent body weight; total solids, 22.3 
kilograms, 32.2 per cent body weight. 

During this interval the patient had been dis- 
charged home (March 14, 1951) on cortisone, 25 
milligrams per day, and was now readmitted with 
recurrent massive edema. Blood pressure remained 
180/100. He had gained 9.3 kilograms, of which 
7.1 kilograms was water and 2.2 kilograms body 
solids. Plasma electrolyte concentrations were nor- 
mal save for a chloride of 116 milliequivalents per 
liter. The relative water volume had changed only 
slightly (66.5 to 67.8 per cent) but the change was 
upward and suggested that the gain in solids had 
included a small but significant increase in lean 
tissue. Water gain—as edema—of course pre- 
dominated. 

At the fourth observation on October 31, 1951 his 
total weight was 59.0 kilograms; total water, 37.6 
liters, 63.7 per cent body weight; total solids, 21.4 
kilograms, 36.3 per cent body weight. 

The patient remained in the hospital until June 
27, 1951. He was treated with diuretics and resins, 
losing 8.4 kilograms of weight. He was readmitted 
for 10 days on August 14, 1951 with nausea, head- 
aches, and weakness. He had been free of edema, 
clinically, but had gained 7 pounds in 8 weeks. 
Blood pressure had risen to 210/130; percorten had 
been used to control salt loss. He was readmitted 
for 12 days on September 13, 1951 with the added 
complication of paroxysmal nocturnal dyspnea and 
vomiting. Blood urea nitrogen had risen to 81 
milligrams per cent; potassium 6 milliequivalents 
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per liter. He was readmitted again on October rr, 
1951, Weighing 64.4 kilograms. Between the third 
and fourth observations the patient had lost 10.3 
kilograms of which 9.4 liters was water and 0.9 kilo- 
grams body solids. This was almost “pure” water 
loss; at this time the patient looked and felt better 
than at any time since operation. His advanced renal 
disease clearly still dominated the prognosis. 

Viewed in survey, the wide swings in body water 
content are of exceptional magnitude in this patient 
because of the combination of renal disease and 
changing hormone therapy. 

CasE 11. Duodenal ulcer, gastrectomy; water gain 
predominates. Unit No. 8Br18, J.H., a 61 year old 
male, was admitted on January 16, 1951 with a 
history of duodenal ulcer with pyloric obstruction 
and hemorrhage. He had lost 7.5 kilograms in the 
course of his disease. Subtotal gastrectomy was 
carried out on January 22, 1951. His postoperative 
convalescence was uneventful. 

At the first observation on January 26, 1951, the 
fourth postoperative day, his total weight was 35.6 
kilograms; total water, 21.4 liters, 60.2 per cent 
hody weight; total solids, 14.2 kilograms, 39.8 per 
cent body weight. 

For this age group these are the findings of a lean 
individual with less then normal fat; this description 
fits the patient well. 

At the second observation on February 8, 1951, 
the nineteenth postoperative day, his total weight 
was 38.0 kilograms; total water, 24.5 liters, 64.6 per 
cent body weight; total solids, 13.5 kilograms, 35.4 
per cent body weight. 

In this interval there had been a loss of 700 grams 
of solids and a gain of 3.1 liters of water, with a 
gain of 2.4 kilograms in weight. The nitrogen bal- 
ance in this period was +17.5 grams, indicating the 
gain of 525 grams of lean tissue. The minor solid 
loss was fat; the water gain was much larger than 
the solid loss. The patient was on testosterone from 
February 3 to 8, during which time the sodium 
balance was +118.5 milliequivalents and the nitro- 
gen balance +13 grams. These data, together, 
would suggest that the water gain here was largely 
extracellular water. The ease with which post- 
operative patients gain water is demonstrated; such 
accumulations are often outside of cells. 

CasE12. Nephritic edema; water gain predominates. 
Unit C. H. No. 3681151, H.S., a 10 year old boy, had 
developed acute nephritis, and during a 1 month 
illness, with azotemia, he had lost 1.1 kilograms in 
weight; he was edematous. 

At the first observation on January 24, 1951, his 
total weight was 28.8 kilograms; total water, 20.8 
liters, 72.3 per cent body weight; total solids, 8.0 
kilograms, 27.7 per cent body weight. 

Here we have an example of a very high total 
body water in the presence of weight loss and 
edema. The most plausible explanation is that the 
weight of solids lost considerably exceeds the weight 


'We are indebted to Dr. Janeway and the Staff of the Children’s 
Medical Center, Boston, for permission to study this case. 
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Fig. 15. Case 10. Hypertension, adrenalectomy; water 
changes predominate. Because the water changes are so 
massive we cannot assume constancy in the water content 
of lean tissue; therefore only water and solids are shown. 
No estimate of fat free solids is attempted. 


loss; fat loss has increased the water fraction; large 
stores of extracellular fluid as edema have further 
increased it. The result is an “excessively high” 
total body water. We have every reason to expect 
in this type of situation, that the remaining lean 
tissue has a high extracellular water content. For 
that reason, any formula to determine fat fraction 
which is based on the expected normal water content 
of lean tissue does not apply. Kidney disease has 
here produced simultaneous loss of solids and gain 
of water. 


WHOLE TISSUE AND MIXED CHANGES 


In most cases of changing body composi- 
tion mixed alterations are observed, as the 
reader doubtless realizes from the cases al- 
ready studied, yet the gain or loss of one tissue 
type often predominates. In this section 5 
cases are reviewed in which no one type of 
tissue dominates the change, and in some of 
which truly “balanced tissue changes” occur. 
In 1 (Case 13), weight loss occurred in a pa- 
tient with little fat to start with; in Case 14 
the most spectacular changes in body com- 
position that we have observed occur as whole 
tissue loss in a nearly fatal peritonitis. In 2 
(Cases 15 and 16), minor mixed changes 
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Fig. 16. Case 14. Perforated ulcer, generalized peritonitis, 
duodenal fistula; whole tissue loss. Charted as in Fig. 15. 


occur and in Case 17 a gain of whole tissue 
occurs in convalescence after colectomy. 


CASE 13. Gastric ulcer, total gastrectomy; whole 
tissue loss. Unit No. J7646. M.R., a 68 year old 
female, was admitted on December 16, 1949. A 
large gastric ulceration was treated by total gastrec- 
tomy on January 3, 1950. Splenectomy and partial 
pancreatectomy were carried out at the same time 
under the mistaken apprehension that the lesion 
was malignant. Her convalescence was stormy; she 
developed intestinal obstruction which later sub- 
sided; she was unable to take an adequate diet for 
many months because of her postgastrectomy di- 
gestive disorder. 

At the first observation on January 26, 1950, 23 
days postoperative, her total weight was 39.3 kil- 
ograms; total water, 27.7 liters, 70.5 per cent body 
weight; total solids, 11.6 kilograms, 29.5 per cent 
body weight. 

Fourteen months before operation this patient 
had weighed 50.1 kilograms. During the 23 days 
since operation she took little by mouth and at this 
time was both acutely and chronically malnourished. 
She showed the high total body water of a person 
with almost no fat. Her total body water was 10 
per cent higher than the normal male, and far be- 
yond the range for the normal female. There was no 
edema. By rough approximation, with this total 
body water we would predict a specific gravity of 
1.094, indicating 3 per cent fat. Any further weight 
loss must inevitably be at the expense of lean tissue. 
During this time the patient was being fed with 
intravenous fat emulsions and had it not been for 
this caloric supply (15) the patient almost certainly 
would have succumbed. She had no endogenous 
source of fat calories and any endogenous caloric 
supply must come entirely from the combustion of 
cellular protein. 

At the second observation on September 8, 1950, 
8 months postoperative, her total weight was 38.1 
kilograms; total water, 25.6 liters, 67.2 per cent 


body weight; total solids, 12.5 kilograms, 32.8 per 
cent body weight. 

During this interval the patient had done poorly 
from a nutritional point of view (because of post- 
prandial distress) although well enough to be up and 
about at home. She had lost 1.2 kilograms of weight 
and 2.1 liters of water. There had therefore been a 
slight gain (900 gm.) of body solids. Although inter- 
pretation cannot be dogmatic in this instance (be- 
cause of the lack of balance data) the patient ap- 
parently lost lean tissue and gained a slight amount 
of fat. She had ankle edema at this time. 

At the third observation on April 10, 1951, 15 
months postoperative, her total weight was 35.2 
kilograms; total water, 23.8 liters, 67.7 per cent 
body weight, total solids, 11.4 kilograms, 32.3 per 
cent body weight. 

During this 7 months’ period the patient lost 2.9 
kilograms in weight and 1.8 liters of water. There 
had been a loss of 1.1 kilograms of body solids. She 
had a very poor dietary intake. The findings are 
compatible with loss of mixed body tissue with a net 
composition of 38 per cent solids. Lean tissue con- 
tains 26 to 28 per cent solids, suggesting that the 
patient had lost some lean tissue plus what little fat 
she had previously gained. This was “balanced 
starvation.” Her total body water was still ex- 
tremely high for a female and she had lost her edema, 
indicating that little fat was present and that further 
weight loss must occur at the expense of lean tissue. 

CAsE 14. Perforated ulcer, generalized peritonitis, 
duodenal fistula; whole tissue loss (Fig. 16). Unit 
No. 9B3309, G.S., a 38 year old male, was admitted 
on September 15, 1951, in coma, 24 hours following 
perforation of a duodenal ulcer. He no longer re- 
sponded to painful stimuli; pulse rate 140; blood 
pressure 80/60. His white blood count was 3,500, 
later dropping to 1,600; the hematocrit 65. He was 
moribund. 

The many details of surgical care employed in 
aiding this man to eomplete recovery will not be 
detailed here. He had a stormy course marked by 
disorientation, aspiration of vomitus, the formation 
of intra-abdominal abscesses, acute pancreatitis, 
and a duodenal fistula. With energetic care, mixed 
antibiotics, multiple bronchoscopies, fresh blood 
transfusions, drainage of abscesses, accurate replace- 
ment of fistula losses parenterally, feeding jejunos- 
tomy and closure of his fistula, he recovered and was 
discharged home on the 66th day. 

At the first observation on September 17, 1951, 
the third hospital day, his total weight was 77 kilo- 
grams; total water, 46.4 liters, 60.3 per cent body 
weight; total solids, 30.6 kilograms, 39.7 per cent 
body weight. 

Initial treatment resembled that of a severe burn, 
the object being to restore to plasma volume its 
losses into the peritoneal cavity and distended 
bowel. In the first 48 hours he was given 15,300 
cubic centimeters of total fluid therapy, of which 
6,000 cubic centimeters was plasma. By paracen- 
tesis, 4,200 cubic centimeters of transudate was re- 
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moved from the peritoneal cavity. Clinical response 
was gratifying, his pulse fell to 90, blood pressure rose 
to normal, and urine flow was resumed. Conscious- 
ness returned. 

On the third day, his weight was about normal, 
and his body composition also about normal with a 
total body water at 60.3 per cent of body weight. 
These surprisingly normal findings resulted from 
the fact that losses of water, electrolyte, and colloid 
had been accurately replaced by treatment, and yet 
there had not been time (in 3 days) for dramatic 
losses of fat or lean tissue. By balance there had 
been a loss of 17 grams of nitrogen (510 gm. of lean 
tissue). The fat content of the normal adult male 
is about 15 per cent. On this first measurement the 
fat content was here 17.5 per cent, or 13.5 kilograms. 
The estimated fat loss in these 3 days was about 300 
grams. This patient was destined to lose almost 30 
per cent of his body weight in the next month; these 
initial changes were minor. 

During the next 6 days the accurate replacement 
of losses (peritoneal and gastric aspiration) was based 
on analyses of urine and of drainage by all routes; 
fresh whole blood was given to assist the feeble 
leucocyte response and on September 20 the right 
subphrenic abscess was drained by the posterior 
extraserous approach. By the criteria of eosinophile 
count, urine sodium conservation and blood pressure 
maintenance there was no evidence of adrenal 
failure. On September 21 the subhepatic and right 
gutter abscesses were drained. Bronchial secretion 
remained a problem, dealt with successfully by 
multiple bronchoscopies. On September 23 profuse 
upper gastrointestinal contents began to issue from 
the subhepatic drainage area and any hopes that 
“sealing off”? had occurred were dispelled. Analysis 
of this drainage remained the basis for all parenteral 
treatment. So there was little disorder of acid-base 
balance or plasma osmolarity during his illness. 

At the second observation on September 24, 1951, 
the ninth day, total weight was 68.4 kilograms; total 
water, 42.1 liters, 61.5 per cent body weight; total 
solids, 26.3 kilograms, 38.5 per cent body weight. 

There had now been loss of 8.6 kilograms, one- 
half water and one-half solids. Negative nitrogen 
balance of 72.2 grams in this time accounts for 2,200 
grams of lean tissue (600 gm. lean tissue solids). Loss 
of fat therefore totals at least 3,700 grams or 600 
grams per day. This is ‘‘mixed tissue loss high in 
fat.” Since we are dealing with acute water changes 
which alter the interrelationships of fat, water, fat- 
free solids and bone, rigid application of the Pace 
formula is not justified and on the chart only water 
and solids are indicated. It is important to observe 
that where the blood urea is high, nitrogen balance 
figures will tend to show a “false positive” trend. 
That is, the unmeasured loss of nitrogen in sweat is 
increased and there is “new extracellular nitrogen” 
which has been lost from cells but which has not yet 
left the body. Despite these reservations there can 
be no doubt that this acute illness stimulated the 
loss of a remarkable amount of lean working tissues. 
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The entire catabolic process had ‘‘speeded up” as 
illness progressed; this acceleration had not yet 
reached its peak. The patient ran a high spiking 
fever throughout this period. The steadily mounting 
blood urea (184 mgm. per cent on this day) despite 
good urine volume attests the speed of this protein 
breakdown; the rate of weight loss likewise. Caloric 
intake (intravenous glucose) never exceeded 1,000 
per day in this period. The estimated endogenous 
fat contribution to energy requirements is 5,400 
calories per day, assuming a value of 9 calories per 
gram of fat. 

At the third observation, October 3, 1951, the 
eighteenth day, the patient’s total weight was 58.7 
kilograms; total water, 34.2 liters, 58.2 per cent body 
weight; total solids, 24.5 kilograms, 41.8 per cent 
body weight. 

The interval between the second and third 
observations was one of continued rapid weight loss, 
inadequate caloric intake and quantitative replace- 
ment of extrarenal losses of water and electrolyte. 
The patient remained febrile, toxic, and often dis- 
oriented; blood amylase rose to levels suggesting 
secondary pancreatitis. Massive gastrointestinal 
hemorrhage of unknown source required multiple 
transfusions. On October 1, the abdominal abscess 
drainages were enlarged and revised, and a left sub- 
phrenic collection was drained. He never collected 
a cul-de-sac abscess. 

At this observation there had been further loss of 
weight (9.7 kgm.), of which only 1.8 kilograms were 
solid, the rest water. There had been loss of 270 
grams of nitrogen in 9 days, the most rapid we have 
seen; this reached its peak on September 28 when 53 
grams of nitrogen was lost. This 270 grams of 
nitrogen accounts for 8,100 grams of lean tissue 
(2,200 gm. lean tissue solids). Based on 4 calories 
per gram this protein provided 425 calories per day. 
The patient was now burning protein at a remark- 
able rate; his face became sunken, legs and arms 
small and weak. In 8 days he had received intrave- 
nous fat emulsions totalling 9,400 calories, a factor 
which may have spared him an even greater loss of 
lean tissue. 

At the fourth observation on October 11, 1951, the 
twenty-sixth day, his total weight was 57.4 kilo- 
grams; total water, 32.1 liters, 55.9 per cent body 
weight; total solids, 25.3 kilograms, 44.1 per cent 
body weight. 

With antibiotics, accurate parenteral therapy and 
maintenance of blood volume the patient was able 
to localize his sepsis. Rapid weight loss had ceased; 
the patient was now stabilizing at a lower energy 
level, having used up 25 per cent of his body weight 
in 26 days. Accordingly, blood urea fell, less nitrogen 
was lost and he appeared to be “poised on the up- 
swing.” He was still febrile, with a persistent 
tachycardia (120). Duodenal tube feedings had be- 
gun, caloric intake averaged over 1,500 per day, and 
he was ready for jejunostomy. 

In the interval between the third and fourth ob- 
servations there had been loss of 1.3 kilograms of 
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weight and 2.1 liters of water; this indicates the gain 
of 0.8 kilogram of solids. The loss of 99.1 grams of 
nitrogen took place in this period, one-third the loss 
rate of the previous phase. There was a small gain 
in total solids, possibly the redeposition of omental 
or visceral fat. 

At the fifth observation, October 31, 1951, on the 
forty-sixth day, his total weight was 52.5 kilograms; 
total water, 29.1 liters, 55.4 per cent body weight; 
total solids, 23.4 kilograms, 44.6 per cent body 
weight. 

On October 21, 1951 a feeding jejunostomy was 
performed under local anesthesia with a minimum 
of manipulation. Visible fat necrosis strengthened 
the diagnosis of secondary pancreatitis. Output 
from the duodenal fistula, mixed with boiled skim 
milk, was introduced into the jejunostomy and the 
parenteral maintenance of body fluid and electrolyte 
was immediately simplified; caloric supply gradually 
became adequate. 

It is a commonplace for weight loss to continue 
for some days after a seriously ill patient ‘‘rounds 
the corner” clinically. In some instances this is 
due to water and sodium diuresis, in others to con- 
tinued negative nitrogen balance. This patient was 
no exception. Although a sense of well-being, as- 
surance of recovery and resumption of muscle tone 
now occurred, he lost an additional 4.9 kilograms 
and did not start weight gain until 9 days after this 
observation. The loss between the fourth and fifth 
observations was 4.9 kilograms, 3.0 liters of water 
and 1.9 kilograms of solids. As before, the loss is 
mixed tissue; on this occasion largely lean tissue. 
Like Case 13, this patient had no more fat to burn. 
Fortunately he was past the worst of his illness, and 
exogenous calories were now available at about 2,000 
per day. Had further caloric starvation been the 
result of further acute abdominal disease, he would 
have died. 

At the sixth observation on November 15, 1951, 
the sixty-first day, his total weight was 56.1 kilo- 
grams; total water, 35.2 liters, 62.7 per cent body 
weight; total solids, 20.9 kilograms, 37.3 per cent 
body weight. 

The patient had now established his gain of weight, 
strength, and appetite and was anxious to return 
home. He was taking an adequate diet orally, his 
jejunostomy was no longer in use. He returned home 
4 days later. 

During this interval there was a weight gain of 
3.6 kilograms while there was a water gain of 6.1 
liters. Nitrogen gain was only 83 grams, indicating 
an increase of 672 grams of lean tissue solids. In 
previous periods we have witnessed water losses far 
in excess of those predicted on the basis of nitrogen 
balance. Here the same is true for water gain and 
the water change far exceeds that predicted from 
nitrogen. Change in the water content of lean tissue 
is unquestionably the explanation of this phenom- 
enon; previous dehydration was now replaced by a 
water increment slightly greater than twice that pre- 
dicted from nitrogen balance. 


At the seventh observation on December 109, 1951, 
the ninety-fifth day, his total weight was 58.6 kilo- 
grams; total water, 37.4 liters, 63.8 per cent body 
weight; total solids, 21.2 kilograms, 36.2 per cent 
body weight. 

In his first month at home the patient gained pro- 
gressively, but with a slower resumption of strength 
and weight than we had anticipated, only 2.5 kilo- 
grams being gained in this time. His water fraction 
was essentially unchanged, indicating only a minor 
gain in fat. This was consistent with his appearance 
which was still that of a convalescence far from com- 
plete. Symptoms and x-ray findings suggested that 
his ulcer was quiescent; worry over business and 
family finance as well as intemperate use of alcohol 
boded ill for his nutritional future and may have 
accounted in some part for his delay in weight gain. 

Reviewing this remarkable case in summary, we 
have witnessed the loss of 32 per cent of body weight 
in 54 days. This patient was a man of “‘average” 
build (i.e. about 15 per cent fat) so it is clear that 
this weight loss was large in lean tissue; his body 
water fell 37 per cent in the same time, suggesting 
that his loss was that of whole tissue, initially high 
in fat, but when fat stores dwindled, wholly lean 
tissue. This loss of weight together with the loss of 
540 grams of nitrogen (16,200 gm. of lean tissue) 
constitutes the most extensive acute wasting that we 
have observed. Reference is again made to the sys- 
tematic error in derivation encountered in acute 
losses and gains; the water change always exceeds 
that predicted from nitrogen. Changes in the state 
of hydration of muscle and other lean tissues, 
changes in relative skeletal weight and errors in 
nitrogen balance when blood urea is high are all re- 
sponsible for this discrepancy.! 

That this patient, after such losses, could heal his 
wounds, close his fistula and convalesce is eloquent 
corroboration of one of the main conclusions of this 
study, namely, that loss of fat and some lean tissue is 
no bar to recovery if body water, electrolyte, plasma 
colloid concentration and volume, and red cell mass 
are maintained neither too high nor too low for the 
lean tissues they serve. If they are not maintained 
at normal, and if at the same time too much lean 
tissue is burned, death is inevitable. 

Why was his loss so rapid and so high in lean tis- 
sue? We know that lean tissue loss follows injury, 
and there is suggestive evidence (14) that the more 
severe the injury, the greater the loss. The stress 
involved here was of a massive and overwhelming 
sort producing intense tissue destruction. 

CasE 15. Hypertension, adrenalectomy; minor, 
mixed alteration in total body composition. Unit No. 


1Amongst the clinical and laboratory determinations carried 
out in such a patient, none is more difficult than the measurement 
of body weight. Even though the scale used may be calibrated 
and accurate, the changing acute hydration of the patient, his 
wide weight fluctuations within a single day and the presence of 
wet dressings, arm splints, tubes, and other devices introduce 
inaccuracies. It is for these reasons as well as those indicated in 
the text that too close an accounting of weight changes in rela- 
tion to alterations in nitrogen balance cannot be made. 
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7B96,! W.C. was a 34 year old male admitted to the 
hospital on July 12, 1950 with the findings of essen- 
tial hypertension and cardiac decompensation. Left 
adrenalectomy was carried out July 26, 1950, and 
right adrenalectomy November 15, 1950. Hormone 
replacement and metabolic balance are recorded 
elsewhere (14, 21). His postoperative course follow- 
ing the second adrenalectomy was characterized by 
water and sodium loss with lowering of blood pres- 
sure following the withdrawal of desoxycorticosterone 
on the fifth postoperative day. 

At preoperative examination on July 25, 1950, the 
patient’s total weight was 61.2 kilograms; total 
water, 36.3 liters, 59.3 per cent body weight; total 
solids, 24.9 kilograms, 40.7 per cent body weight. 

At this time the patient was no longer decom- 
pensated and was ready for surgery. His total body 
water was in the normal range for a male of this age. 

At the second observation on December 14, 1950, 
3 weeks postoperative second adrenalectomy, his 
total weight was 62.4 kilograms; total water, 35.4 
liters, 56.7 per cent body weight; total solids, 27.0 
kilograms, 43.4 per cent body weight. 

During this interval the patient had gained (and 
later lost) water with operation and changing hor- 
mone replacement. Desoxycorticosterone had been 
stopped on November 21, six days after this opera- 
tion. Following this withdrawal there had been a 
sodium diuresis of approximately 1,700 milliequiva- 
lents and the loss of 7 kilograms of weight in the 
course of 14 days. There had been a net gain in 
body solids of 2.1 kilograms for the total period, 
with a loss of water, suggesting that the solid gain 
was largely fat. Blood pressure had fallen from a 
“high” of 170/100 to the range of 140/90. 

At the third observation on February 27, 1951, 
3% months postoperative, his total weight was 63.0 
kilograms; total water, 35.3 liters, 56.0 per cent body 
weight; total solids, 27.7 kilograms, 44.0 per cent 
body weight. 

During this interval weight increased 600 grams 
and water remained constant. The small weight 
gain must therefore be interpreted as a minor in- 
crease in body fat. ' 

At the fourth observation on August 31, 1951, 94 
months postoperative, his total weight was 66.2 
kilograms; total water, 37.2 liters, 56.2 per cent body 
weight; total solids, 29.0 kilograms, 43.8 per cent 
body weight. 

During this interval the patient was doing very 
well surgically, he was vigorous, at work, symptom- 
free. His blood pressure was 155/100. He had 
gained 3.2 kilograms in weight, of which 1.8 liters 
was water. As lean tissue this water would carry 
0.66 kilogram of fat-free solids, leaving 0.7 kilogram 
as the fat gain, as a minimum figure. This is bal- 
anced tissue gain, in sharp contrast to the water gain 
so often observed in Case ro in an analogous clinical 
situation. 

CasE 16. Carcinoma of esophagus, esophago- 
gastrectomy; whole tissue changes (Fig. 17). Unit No. 
'This is Case 24 in Moore and Ball (14). 


FURTHER OBSERVATIONS 








ON TOTAL BODY WATER 171 








G.M. UNIT #5B495 


Kq Kg 

70 70 
Obs. I Obs. I 

+60 aiaada Obs. II 604 


8717/49 8/25/49 

















Fig. 17. Case 16. Carcinoma of the esophagus, esophago- 
gastrectomy; whole tissue changes of minor degree. 


5B495?, G.M. was an 81 year old male admitted on 
July 22, 1949 with a history and roentgenologic find- 
ings of carcinoma of the lower third of the esophagus. 
There had been a weight loss of 16.5 kilograms. 
Esophagogastrectomy was carried out on August 15, 
1949. Convalescence was uneventful. 

At the preoperative examination on August 15, 
1940, his total weight was 56.2 kilograms; total water 
31.3 liters, 55.8 per cent body weight; total solids, 
24.9 kilograms, 44.2 per cent body weight. 

These findings were nearly normal for a man of 
this age. His normal weight was 72.7 kilograms and 
the predicted normal total body water for this 
weight, age, and build is 39.5 liters. We may there- 
fore estimate that he had lost about 8.2 liters of 
water in his 16.5 kilograms of weight lost. Assuming 
this to be largely lean tissue water, this indicates the 
loss of 11.2 kilograms of lean tissue and about 4.3 
kilograms of fat. This appears to be an example of 
“whole tissue loss” analogous to Case 3. His ability 
to respond to surgery was not unfavorable, although 
he manifested a depletion response (14). 

At the second observation on the second post- 
operative day, August 17, 1949, his total weight was 
56.0 kilograms; total water, 31.7 liters, 56.6 per cent 
body weight; total solids, 24.3 kilograms, 43.4 per 
cent body weight. 

During this short interval, and including opera- 
tion, the body composition has been but little 
altered. There was a slight loss of body solids and 
gain in water; metabolic balance showed a minimal 
loss of nitrogen in this elderly man previously de- 
pleted by his disease. 

2This is Case 5 in Moore and Ball (14). 
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Fig. 18. Case 17. Ulcerative colitis; total colectomy; 
water and lean tissue gain. 


Large changes in total body composition take 
time, with the single exception of acute dehydration 
and rehydration. It is rare to see massive changes in 
body composition in a few days on the basis of oper- 
ation alone, unaccompanied by hemorrhage or dehy- 
dration. This is particularly the case in the elderly 
depleted patient, in whom nitrogen and electrolyte 
shifts are minimal. 

At the third observation on the tenth postopera- 
tive day, August 25, 1949, his total weight was 54.6 
kilograms; total water, 30.8 liters, 56.5 per cent 
body weight; total solids, 23.8 kilograms, 43.5 per 
cent body weight. 

During this short interval there was a loss of 1.4 
kilograms in weight and only o.g liter in water. 
This would suggest that there was some further fat 
loss. Nitrogen balance for this period was —23 
grams. All these changes are fractional and de- 
tailed interpretation is impossible. The significant 
finding is the relative lack of change in body com- 
position in short term observation of this patient 
undergoing extensive surgery. The avoidance of 
large postoperative saline infusions was of course 
important in the lack of water gain. 

CasE 17. Ulcerative colitis, total colectomy; water 
and lean tissue gain (Fig. 18). Unit No. 8B369, 
M.G., a 36 year old female, was admitted on March 
5, 1951, nine weeks after ileostomy. In the 4 months 
prior to operation she had lost 19 kilograms. She 
was suffering from the hemorrhagic form of ulcera- 
tive colitis, and had repeatedly bled to shock levels. 
After 3 days of blood replacement, totalling 1,500 
cubic centimeters, she was operated upon. Total 
colectomy was carried out. The operation was tech- 
nically difficult and the patient required 4,500 cubic 
centimeters of blood during this procedure. She 


convalesced well and was discharged on April 2, 
1951, after which a dramatic gain in weight and 
strength occurred. 

At the first observation on March 19, 1951, ten 
days postoperative, her total weight was 44.0 kilo- 
grams; total water, 20.8 liters, 47.3 per cent body 
weight; total solids, 23.2 kilograms, 52.7 per cent 
body weight. 

These measurements, in the postoperative period, 
are not far from the normal range with this excep- 
tion: she was very thin at this time, yet her water 
fraction was, if anything, slightly low. This, taken 
together with the extent of her weight loss, indicates 
both lean tissue loss and dehydration. 

At the second observation made on June 12, 1951, 
her total weight was 50.3 kilograms; total water, 26.5 
liters, 52.4 per cent body weight; total solids, 23.9 
kilograms, 47.6 per cent body weight. 

In this interval (3 months), the patient had 
gained 6.3 kilograms in weight, of which 5.7 liters 
was water. Only o.7 kilogram of solids was gained, 
indicating that 2.6 kilograms of lean tissue was 
synthesized (as a maximum), 


THYROTOXICOSIS 


The weight gain of treated thyrotoxicosis 
appears to involve all three of the tissue types 
under study. Presumably the initial loss is 
similar. In this section, 5 cases are reviewed. 
In 1 (Case 18) treatment was surgical; in 
Case 19, with antithyroid drugs. In 3 (Cases 
20, 21, and 22), radioactive iodine was used. 


CasE 18. Thyrotoxicosis, thyroidectomy; minor 
whole tissue changes. Unit No. P544, L.F., a 36 year 
old female, was admitted on March 15, 1951 with 
a typical story of recurrent thyrotoxicosis following 
cessation of prolonged propyl thiouracil therapy. 
She was prepared for surgery with propylthiouracil 
and iodine for 6 weeks and then underwent a sub- 
total thyroidectomy. She had a normal postopera- 
tive convalescence. Her basal metabolic rate on 
admission was +69, falling to +30 under pentothal 
anesthesia. Her cholesterol on admission was 110 
milligrams per cent. After operation her basal 
metabolic rate fell to +6, and clinically she became 
euthyroid. 

At the first observation on March 16, 1951 when 
she had an active untreated thyrotoxicosis, her total 
weight was 61.9 kilograms; total water, 27.0 liters, 
43.6 per cent body weight; total solids, 34.9 kilo- 
grams, 56.4 per cent body weight. 

This was a short, stocky, obese woman with a low 
water fraction, as we would predict from her body 
build. 

At the second observation on April 25, 1951, two 
weeks postoperative, her total weight was 63.9 kilo- 
grams; total water, 28.1 liters, 43.9 per cent body 
weight; total solids, 35.8 kilograms, 56.0 per cent 
body weight. 
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There had been a weight gain of 2.0 kilograms; of 
this 0.9 kilogram was solids and 1.1 kilograms water. 
This suggests a significant increase in lean tissue; 
such an interpretation cannot be proved without 
nitrogen balance. 

This patient was returning to normal after opera- 
tion at the time of this observation; changes from 
her initial observation were not marked. It is of 
interest that her thyrotoxicosis had never pro- 
gressed to the point of severe weight loss, and weight 
gain was not prominent in her recovery, either at 
this time or later on. 

CASE 19. Graves’ disease, thyroidectomy; whole 
tissue gain. Unit No. 8B265, N.F., a 16 year old 
female, was admitted on February 14, 1951 with a 
diagnosis of thyrotoxicosis; her basal metabolic rate 
was of +49, cholesterol 89 milligrams per cent, and 
clinical appearances were typical. She had severe 
exophthalmos. She was prepared for surgery with 
iodothiouracil for 7 weeks and then underwent a 
subtotal thyroidectomy. Her exophthalmos_in- 
creased during the first 6 months after operation, 
and then gradually subsided. 

At first examination on February 28, 1951, when 
she was untreated her total weight was 44.0 kilo- 
grams; total water, 23.3 liters, 52.9 per cent body 
weight; total solids, 20.7 kilograms, 47.1 per cent 
body weight. 

This patient had a water fraction which was nor- 
mal for her age, sex, and body build. 

At the second observation (preoperative, euthy- 
roid) on April 18, 1951, her total weight was 50 kilo- 
grams; total water, 25.6 liters, 51.2 per cent body 
weight; total solids, 24.4 kilograms, 48.8 per cent 
body weight. 

This determination was made immediately prior 
to operation, after the patient had been restored to a 
euthyroid state as a result of drug therapy. She had 
gained 6.0 kilograms of weight. Of this, 2.3 kilo- 
grams was water which would account for a maximum 
0.8 kilogram of lean tissue solids, leaving a minimum 
of 2.9 kilograms of her gain to be fat. This was 
“balanced” weight gain. Basal metabolic rate had 
returned to —1. 

CasE 20. Thyrotoxicosis; whole tissue gain. M.G.H.! 
Unit No. 734,909, M.D., a 31 year old female, was 
admitted on April 19, 1951 with recurrent thyrotoxi- 
cosis. In 3 months she had lost 3.8 kilograms and 
complained of nervousness, irritability, and palpi- 
tation. Pulse was 130, basal metabolic rate +28, 
cholesterol 148. Her thyroid gland was enlarged. 
She was given radioiodine therapy (7 mc.). Her 
course was satisfactory and she was euthyroid when 
studied again 5 months later. 

At the first observation on April 20, 1951, when 
she was untreated, her total weight was 43.8 kilo- 
grams; total water, 21.2 liters, 48.4 per cent body 
weight; total solids, 22.6 kilograms, 51.6 per cent 
body weight. 

1We are indebted to Dr. James H. Means, Dr. Jacob Lerman, 


and Dr. Joseph C. Aub of the Massachusetts General Hospital] 
for the opportunity to study Cases 20 and 21. 
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Fig. 19. Case 21. Thyrotoxicosis; while tissue gain after 
treatment with radioiodine. . 


The patient had a slightly low water fraction. 

At the second observation on September 22, 1951, 
after treatment, her total weight was 49.1 kilo- 
grams; total water, 24.1 liters, 49.1 per cent body 
weight; total solids, 25.0 kilograms, 50.9 per cent 
body weight. 

She was euthyroid clinically with a basal metabolic 
rate of —19. She had gained 5.3 kilograms of which 
2.9 liters was water and 2.4 kilograms was body 
solids. This water would account for a maximum of 
1.1 kilograms of lean tissue solids, leaving a minimum 
fat gain of 1.3 kilograms. This again is “whole 
tissue gain.” 

CASE 21. Thyrotoxicosis; whole tissue gain (Fig. 
19). M.G.H. Unit No. 730,551, E.W., a 44 year old 
female, was admitted on April 18, 1951 with symp- 
toms of weight loss and extreme nervousness. Her 
pulse was 130, basal metabolic rate +56, cholesterol 
105. She was given radioiodine (8 mc.). She re- 
sponded well clinically and was restudied 6 months 
later. 

At the first observation, on April 19, 1951, when 
she was untreated, her total weight was 62.5 kilo- 
grams; total water, 28.5 liters, 45.6 per cent body 
weight; total solids, 34.0 kilograms, 54.4 per cent 
body weight. 

The patient had a low water fraction. She was 
obese despite her weight loss; there had been mixed 
tissue loss. 

At the second observation on October 3, 1951, 
after treatment, her total weight was 74.5 kilo- 
grams; total water, 33.1 liters, 44.4 per cent body 
weight; total solids, 41.4 kilograms, 55.6 per cent 
body weight. 
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This study was done when the patient was clin- 
ically euthyroid with a basal metabolic rate of +3. 
She had gained 12 kilograms of which 7.4 kilograms 
were body solids and 4.6 liters water. This amount 
of water gain would account at a maximum for 1.7 
kilograms of lean tissue solids, leaving 5.7 kilograms 
of weight gain to be fat, as a minimum. This is whole 
tissue gain, of a very large magnitude (19 per cent 
of starting body weight). 

CASE 22. Thyrotoxicosis; fat changes predominate. 
Unit No. 8B240, S.C., a 71 year old female, was ad- 
mitted on February 10, 1951 with a diagnosis of 
thyrotoxicosis. She had lost 40 pounds in a year. 
She had a large thyroid gland, dyspnea, tachycardia, 
weakness and tremor, and elevated basal metabolic 
rate. She was given radioactive iodine as treatment. 

At the first observation on February 10, 1951, 
when she was untreated, her total weight was 54.8 
kilograms; total water, 27.6 liters, 50.4 per cent 
body weight; total solids, 27.2 kilograms, 409.6 
per cent body weight. 

This essentially normal water fraction in a patient 
with a 40 pound weight loss was consistent with the 
clinical fact that she had formerly been obese. 
That her water fraction was now normal suggests 
loss of mixed tissue high in fat. 

At the second observation on October 18, 1951, 
after treatment, her total weight was 65.5 kilograms; 
total water, 29.4 liters, 44.9 per cent body weight; 
total solids, 36.1 kilograms, 55.1 per cent body 
weight. 

At this time she was clinically euthyroid with a 
basal metabolic rate of —21. She had gained 10.7 
kilograms, of which 1.8 liters was water and 8.9 
kilograms were body solids. This amount of water 
would account for a maximum of 0.7 kilogram of 
lean tissue solids, leaving a minimum of 8.2 kilo- 
grams as fat gain; the gain is more predominantly 
fat than in the other thyroid cases. Her original fat 
loss had also been greater than the others. As her 
disease subsided she repaired her body composition 
with tissue to “match the loss.” 


THERMAL BURNS 


Early changes after burning are predomi- 
nantly water shifts as the wound edema collects 
and is later diuresed. The patient then enters 
a long period of stress and caloric starvation 
with loss of whole tissue high in lean tissue 
before swinging up into the “gain” phase of 
convalescence (14). Of the 3 cases reviewed 
here, 1 (Case 23) succumbed early in her 
disease; the other 2 (Cases 24 and 25) survived 
and were studied throughout their courses 
and after discharge. 


CAsE 23. Thermal burn (fatal); water changes. 
Unit No. 7B574, S.E., a 78 year old female, was ad- 
mitted on October 11, 1950, a few hours after sus- 
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taining a flame burn covering approximately onec- 
half of her body surface. She was treated by simple 
occlusive dressing, antibiotics, fluid, electrolyte, 
plasma, and whole blood. She was given ACTH and 
cortisone and appeared initially to maintain her cir- 
culation, orientation, appetite and normal tempera- 
ture somewhat better than expected. She later be- 
came oliguric, then anuric, was dialyzed successfully 
on the artificial kidney (4th day) and had a further 
diuresis after dialysis. She died on her tenth day, 
of recurrent renal failure with uremia and broncho- 
pneumonia. 

At the first observation on October 14, 1950, her 
total water was 43.6 liters (weight approximately 
65 kgm.). Because of bulky dressings this patient 
was never accurately weighed so our derived calcula- 
tions cannot be made. Prior to this measurement, 
in 48 hours, she had received 14,800 cubic centi- 
meters of total fluid therapy. In the first 48 hours 
she had excreted 350 cubic centimeters of urine. 
Her lungs were clear and she was well stabilized 
though oliguric. Her wound edema! was now max- 
imal. 

At the second observation on October 21, 1950, 
her total water was 35.6 liters. During this interval 
the patient had been dialyzed and had had a spon- 
taneous diuresis. Her net loss of 8.0 liters of water 
(about 12 per cent of her body weight) indicates as 
a first approximation the magnitude of water se- 
questration in her burn edema.! No other calcula- 
tions or interpretation are possible without accurate 
body weights. 

CASE 24. Thermal burn (survival); water changes 
predominate. Unit No. 8B243, N.G., a 42 year old 
male, was admitted on February 10, 1951, seven 
and one-half hours after sustaining a third degree 
burn of his legs and trunk covering 32 per cent of 
his body surface. The details of his complex course 
will not be recounted here. His initial treatment con- 
sisted of simple dressings, antibiotics and support of 
his blood volume with plasma, electrolyte solutions 
and some whole blood. During his first 24 hours he 
received 6,750 cubic centimeters of total fluid, in- 
cluding 3,000 cubic centimeters of plasma and 1,000 
cubic centimeters of whole blood. He was given 500 
milligrams of cortisone daily for the first 12 days. 
He never developed oliguria or a shock-like state. 
His electrolyte diuresis, apparently inhibited by the 
cortisone, occurred on its withdrawal and was fol- 
lowed later by resumption of caloric intake and 
spontaneous nitrogen anabolism. He was afebrile 
during his cortisone therapy, developing fever to 
103 degrees on its withdrawal. Grafting was com- 
menced on the thirty-fourth day with success of 


1The edema fluid which collects in a burned patient is primarily 
that which forms beneath the burned skin. This may later grav- 
itate to other areas. In addition, the overadministration of fluids 
may produce pulmonary edema or generalized edema. The 
terms “wound edema” and “burn edema” are used interchange- 
ably to indicate collections of extracellular fluid early in the 
patient’s course, of any or all of the above three types. In the 
absence of fluid overadministration such edema is primarily in 
the wound areas. 
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these and subsequent grafting procedures. His 
wounds being closed, he was discharged home 3 
months after admission. Complete metabolic and 
endocrine studies are to be reported elsewhere. Ten 
weeks after discharge he was readmitted for a short 
follow-up period of endocrine and balance studies. 

At the first observation on February 19, 1951, the 
ninth postburn day, his total weight was 94.7 kilo- 
grams; total water, 56.1 liters, 59.2 per cent body 
weight; total solids, 38.6 kilograms, 40.8 per cent 
body weight. 

This was an obese patient. A water fraction of 
59.2 per cent is high for such an individual. In a 
stocky, fat man we would expect a total body water 
of about 47 liters (50 per cent of body weight). His 
extra body water of about g liters is consistent with 
the increase in body water resulting from seques- 
tration of transudate in the burned area and not yet 
diuresed. As mentioned previously, this “postpone- 
ment” of diuresis is to be laid at the door of cortisone. 

At the second observation on March 7, 1951, the 
twenty-fifth postburn day, his total weight was 79.4 
kilograms; total water, 43.8 liters, 55.2 per cent body 
weight; total solids, 35.6 kilograms, 44.8 per cent 
body weight. 

In this period the patient lost 15.3 kilograms of 
body weight and 12.3 liters of water. His body 


solids dropped 3.0 kilograms. The water loss was 
associated with a negative sodium balance of 720 
milliequivalents, most of which occurred during his 
diuresis from February 22 to 28, following cessation 
of cortisone therapy. There was in this interval a 
negative nitrogen balance of 135 grams, accounting 
for 1.1 kilograms of fat-free solids and 3.0 liters of 


lean tissue water, leaving a fat loss of 1.9 kilograms 
and an edema water loss of 9.3 liters. This checks 
well with the estimated edema of 9.1 liters on the 
basis of the first observation. 

At the third observation on March 21, 1951, the 
thirty-ninth postburn day, his total weight was 80.6 
kilograms; total water, 42.6 liters, 52.9 per cent body 
weight; total solids, 38.0 kilograms, 47.1 per cent 
body weight. 

During this interval the patient’s course was pro- 
gressively convalescent. On March 10, 12, and 19 he 
had dressing changes and skin grafting. In these 2 
weeks he gained 1.2 kilograms in weight, lost 1.2 
liters of water and gained 2.4 kilograms of body 
solids. There was a positive nitrogen balance of 15 
grams, accounting for 450 grams of lean tissue. 
These findings are interpreted, then, as gain in lean 
tissue and fat (about 2.0 kgm.) during a further water 
diuresis. 

At the fourth observation on April 4, 1951, the 
fifty-third postburn day, his total weight was 82.6 
kilograms; total water, 40.4 liters, 48.9 per cent 
body weight; total solids, 42.2 kilograms, 51.1 per 
cent body weight. 

During these 2 weeks the patient’s clinical condi- 
tion remained good except for a daily fever to 1o1 
degrees F. He gained 2 kilograms in body weight 
and lost 2.2 liters of water, a gain in body solids of 
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4.2 kilograms. This was accompanied by a positive 
—— balance of 56 grams (1,700 gm. of lean tis- 
sue). 

At the fifth observation on April 18, 1951, the 
sixty-seventh postburn day, his total weight was 
81.0 kilograms; total water, 43.0 liters, 53.1 per cent 
body weight; total solids, 38.0 kilograms, 46.9 per 
cent body weight. 

During this interval the patient became ambula- 
tory. The burned areas were now covered by healed 
grafts. He lost 1.6 kilograms of body weight and 
gained 2.6 liters of body water, giving a loss of 4.2 
kilograms of body solids, largely fat. He had a 
positive nitrogen balance of 142 grams. In the third, 
fourth, and fifth observations we have seen both 
gains and losses of water with positive nitrogen 
balance. This appears confusing but is less so when 
one considers that transfer of extracellular water 
(edema) into newly formed lean tissue as cell water 
represents an internal transfer which might occur 
during periods of either net gain or net loss of water 
from the organism. The net water gains or losses 
involved during these periods were small. During 
this last interval his increasing physical activity 
doubtless accounted for some loss of fat and gain in 
lean tissue. 

At the sixth observation on May 3, 1951, the 
eighty-second postburn day, his total weight was 
83.0 kilograms; total water, 41.3 liters, 49.8 per cent 
body weight; total solids, 41.7 kilograms, 50.2 per 
cent body weight. 

The patient reversed the trend of the preceding 
interval by gaining 2 kilograms in body weight and 
losing 1.7 liters of water, giving a gain of 3.7 kilo- 
grams in body solids. He had a positive nitrogen 
balance of 115 grams. He therefore was gaining both 
lean tissue and fat in this interval, a typical finding 
in late convalescence. He was discharged from the 
hospital the following day. 

The patient’s total body composition for the 3 
month period of hospitalization may be summarized 
by the statement that in the first month there were 
massive changes, beginning with gain of 9 liters of 
water as wound needs were provided in treatment and 
followed later by loss of this water and its attendant 
sodium from the burned tissue. In the following 2 
months changes were minor, there being a gain of 
3.6 kilograms in body weight, loss of 2.5 liters of 
water and gain of 6.1 kilograms in body solids. These 
solids were initially lean tissue solids, and later in- 
cluded some fat. 

At the seventh observation on May 31, 1951, the 
one hundred tenth postburn day, his total weight 
was o1.o0 kilograms; total water, 44.2 liters, 48.6 per 
cent body weight; total solids, 46.8 kilograms, 51.4 
per cent body weight. 

The patient was now at home. He had gained 
8.0 kilograms of body weight and 2.9 liters of water. 
This water gain at maximum would account for 1.1 
kilograms of lean tissue solids, leaving a minimum 
fat gain of 4.0 kilograms. The fat gain so charac- 
teristic of late convalescence was now well estab- 
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Fig. 20. Case 25. Thermal burns; early water changes 
predominate. 


lished. His clinical condition was good. His weight 
was equal to or greater than his preburn weight. 
He was placed on a reduction diet at this time. 

At the eighth observation on July 30, 1951, the 
one hundred seventieth postburn day, his total weight 
was 87.4 kilograms; total water, 42.1 liters, 48.2 per 
cent body weight; total solids, 45.3 kilograms, 51.8 
per cent body weight. 

The patient was now admitted for restudy. He 
had lost 3.6 kilograms body weight on his reducing 
diet, of which 2.1 liters was water and 1.5 kilograms 
solids. This water loss would account for 2.9 kilo- 
grams of lean tissue, leaving a fat loss of only 0.7 
kilogram. Convalescence has now been completed. 

CASE 25. Thermal burns; survival; early water 
changes predominate (Fig. 20). Unit No. 6Ag51, P.S. 
was a 14 year old boy admitted to the hospital 
April 28, 1951 immediately after sustaining a flame 
burn of the trunk and small areas of the thighs. 
Full thickness burns totalled 24 per cent of the 
body surface. The patient’s early care was accom- 
plished by a simple dressing, antibiotics, and the 
administration of plasma, electrolyte solutions, 
whole blood and a short course of cortisone. During 
his first 24 hours the maintenance of plasma volume, 
urine output and hematocrit required the surprising 
total of 9,365 cubic centimeters of fluid, of which 
4,000 cubic centimeters was plasma. The extent of 
fluid therapy could be reduced subsequently. Skin 
grafting was commenced on the thirty-fourth post- 
burn day, proceeded satisfactorily with coverage of 
all wounds, and the patient was discharged home 
10 weeks after admission. 

At the first observation, April 29, 1951, first post- 
burn day, his total weight was (approx.) 54.0 kilo- 
grams; total water, 34.2 liters, 63.4 per cent body 


weight; total solids, (approx.) 19.8 kilograms, 36.6 
per cent body weight. 

At this time the patient was in his early and most 
acutely ill phase. The weight observed was inac- 
curate because of dressings; his preburn weight had 
been 50 kilograms. The expected body water for 
this age and build is 58 to 62 per cent of body weight, 
or about 30 liters. During his first 24 hours the 
therapeutic intake of 9,365 cubic centimeters was 
accompanied by urine output of 1,870 cubic centi- 
meters and an estimated insensible-plus-wound 
loss of 2,000 cubic centimeters. This leaves a net 
water retention due to the obligatory expansion of 
extracellular water under the burn of 5,595 cubic 
centimeters or about 11 per cent of body weight. 
This ‘‘armchair” calculation of the burn edema is 
about 1,400 cubic centimeters larger than the ob- 
served increase of total body water over predicted 
normal, suggesting that insensible-plus-wound loss 
was greater than expected. The observed expansion 
of total body water in this first 48 hours was 4,200 
cubic centimeters or a little less than 9 per cent of 
body weight. 

Events of the next 4 days established 2 unusual 
features of this case: one, that his fluid requirement 
was extraordinarily large, and he held a high hemato- 
crit for 48 hours despite 15,110 cubic centimeters of 
total treatment, a urine output of 3,600 cubic centi- 
meters and the administration of cortisone. And 
second, that he was slow to diurese his extra body 
water; as in Case 24 (where “‘postburn diuresis” 
was delayed) so also here the delay may have been 
due to cortisone therapy. 

At the second observation on May 4, 1951, the 
fifth postburn day, his total weight was 57.8 kilo- 
grams; total water, 41.2 liters, 71.3 per cent body 
weight; total solids, 16.6 kilograms, 28.7 per cent 
body weight. 

This observation denotes one of the most spectacu- 
lar accumulations of body water that we have ob- 
served. This young boy has not yet unloaded his 
“burn-water,” indeed his weight gain suggests 
further water increment, but he has been in strongly 
negative nitrogen balance, and losing a tissue (cf. 
Case 14) about half-and-half lean and fat; the total 
result is an “‘excessive’” total body water of 71.3 
per cent of body weight. He was at this time febrile 
to 103 degrees with a pulse of 110; the figures for 
body composition suggest the loss of 3.4 kilograms 
of solids from his preburn composition and the gain 
of 11.2 liters of new body water since burn.! 

At the third observation on May 17, 1951, the 
eighteenth postburn day, his total weight was 50.0 
kilograms; total water, 31.8 liters, 63.6 per cent 
body weight; total solids, 18.2 kilograms, 36.4 per 
cent body weight. 

A water diuresis has now taken place; it com- 
menced late on the sixth day (with only faint indi- 
cations prior to that time) when, with a total intake 

1This huge ‘“‘burn edema,”’ almost 22 per cent of body weight, 


correlates with the seemingly insatiable clinical need tor fluid 
early in his course. 
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of 3,250 cubic centimeters, the urine volume was 
2,920 cubic centimeters, a clearly negative water 
balance (considering the 1,500 to 2,000 c.c. of ex- 
trarenal loss). The ‘‘urine output fraction” of total 
intake was thus go per cent, in contrast to an “‘out- 
put fraction” of 24 per cent in his first 48 hours. This 
indicates a Sweeping change in water dynamics. The 
result in 13 days has been the loss of 9.4 liters of 
water. 

He was now back to preburn weight but because 
of lean tissue loss and fat oxidation he had 3 to 10 
per cent more body water than normal for his weight 
and age in good health. He was now poised on the 
upswing of balance, ready to start building tissue 
on his wounds, metabolically ready for grafting. 
Like all severe burns there had been a severe per- 
sistent anemia requiring 2,500 cubic centimeters 
of whole blood in the first 18 days. 

At the fourth observation on September 15, 1951, 
the one hundred and thirty-ninth day, his total 
weight was 49.0 kilograms; total water, 30.5 liters, 
62.2 per cent body weight; total solids, 18.5 kilo- 
grams, 37.8 per cent body weight. 

The patient had been discharged on July 8, 1951 
and had now been home and active for 9 weeks. He 
had regained weight but not yet to normal; his total 
body water was now in the normal range for his 
age and build. 


DISCUSSION 


It has been our purpose here to explore a 
new method and a new concept in the study 


of acute and chronic disease. We have studied 
a variety of cases to observe facts and to define 
the wide range within which changes in body 
composition occur. From these facts (weight, 
total body water, balance study) we proceed 
by a simple interpretative system to calculate 
alterations in more detail. The facts are firm; 
the interpretations will surely change and 
improve as experience grows. 

Even when the human body is considered 
merely as a tripartite system of fat, lean tissue 
solids and water, it is clear that a significant 
series of composition changes occurs in re- 
sponse to disease. Two further categories of 
alteration must enter into the equation, yet 
we do not know how to treat of them in inter- 
pretation. These are: changes in skeleton 
weight and changes in the water content of 
lean tissue itself. 

The skeleton is heavy, and relatively low in 
water content. The weight of “marrow-free, 
periosteum-free, wet cortex and trabecula” for 
the skeleton as a whole is unknown in the 
human. In what diseases does loss of protein 


FURTHER OBSERVATIONS ON TOTAL BODY WATER 


177 


or minerals from bone predominate over other 
forms of tissue loss? —To what extent does this 
affect body composition, resistance to illness, 
and fracture healing? Is-the tremendous 
sodium reservoir of bone available to the 
sodium-depleted patient? 

Similar unanswered questions present them- 
selves when we subject the “constancy of 
lean tissue” concept to scrutiny under condi- 
tions of acute surgical disease. In dehydra- 
tion there is obviously loss of water from lean 
tissues; muscle is about 12 per cent extra- 
cellular phase and even if there is no intra- 
cellular water loss (which loss does, in fact, 
occur, as evidenced by potassium balance) 
there must be a decrease in muscle water con- 
tent, a relative rise in muscle solids, and an 
increase in muscle specific gravity. We there- 
fore cannot predict the body specific gravity 
from the water content because one of the 
constants in the equation (the 73 per cent 
water of lean tissue) has become a variable. 
The amount of muscle represented by a gram 
of nitrogen has increased, and our picture of 
the body’s composition has gone out of focus. 
But more important than these interpreta- 
tive difficulties is the fact that the “constant” 
lean tissue beloved of the biochemist becomes 
inconstant in disease as seen by the surgeon. 
Cases 8, 10, 11, 12, 24, and 25 are examples in 
which acute changes in hydration must have 
altered the composition of lean tissue. Herein 
lies the horizon of research in this area. By a 
combination of total body water studies and 
metabolic balance, we may be able to measure 
accurately and define precisely the composi- 
tion of lean body tissues under the stress of 
acute disease. Neither method alone can dis- 
cern the total chemical picture, together they 
effectively do. 

Reviewing our cases, the most consistent 
changes and rates of alteration in body com- 
position may be summarized as follows. 


FAT 


Fat oxidation may be the most constant 
metabolic feature of surgical patients during 
periods of acute illness, postoperative con- 
valescence or semistarvation. The usual rate 
of fat utilization appears to be about 75 grams 
per day. This provides about 675 calories per 
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day for metabolic processes from endogenous 
sources if all the fat is oxidized. These meta- 
bolic processes (at rest) are, chiefly, physical 
work in muscle (heart, diaphragm) or chem- 
ical work in visceral parenchyma (liver, kid- 
ney). This is assuming that endogenous fat 
oxidation is good for g calories per gram of fat 
lost. Since fat oxidation in the human may 
be incomplete under conditions of starvation, 
the caloric yield may fall short of 9 calories 
per gram. In occasional cases of severe acute 
illness we have seen fat oxidation at a rate as 
high as 600 grams a day (Case 14). We must 
carry out further study before we understand 
the nature of the stimulus producing this rapid 
fat loss, or the value of its caloric yield. 

It is an interesting feature of this fat oxida- 
tion that the organism, finding itself deficient 
in dietary calories, is apparently unable to 
use fat fast enough to provide calories for all its 
needs. The body resorts to gluconeogenesis 
(from tissue protein) with the familiar com- 
bination of fat loss with negative nitrogen 
balance (9, 14). A mixed loss therefore occurs 
during starvation instead of the loss of fat 
alone, although fat loss may predominate as 
in Cases 1, 2, and 3. 

We do not have enough observations to 
justify any estimate as to normal rates of 
fat gain. In 1 case this occurred at an average 
rate of about 70 grams a day. When a factor 
such as immobilization, or an endocrine factor 
such as puberty, the menopause, or diabetes 
is added to the equation, then a more rapid 
deposit of body fat may occur. 


WATER 


Net water loss rarely exceeds the rate of 


2,000 cubic centimeters per 24 hours. For 
periods of a few hours this rate may be ex- 
ceeded, but a net water loss of this rate and of 
: : ; 

72 hours’ duration will produce shock and a 
near fatal situation, starting from a normal 
total body water (2, 4, 10, 14). One often 
sees extrarenal losses far exceeding this 
amount while replacement is going on; such 
are not met losses. A net water loss might be 

iKeys (9) and associates report average loss of 5.3 kilograms of 
body fat in semistarvation for a 12 week period. This amounts 
to 63 grams of fat per day. The stress of acute diseases produces 


a much greater rate of fat utilization than uncomplicated partial 
starvation. 


SURGERY, GYNECOLOGY AND OBSTETRICS 


defined in terms of body composition as “an 
acute water loss equal to the weight loss for 
the same period.” Acid-base effects, altera- 
tions in extracellular osmolar concentration, 
and the familiar changes in water and elec- 
trolyte imbalance may of course occur without 
significant net water loss because replacement 
therapy has not been suited to the nature of 
the loss. Total acute dehydration of more than 
3,000 cubic centimeters is a rarity in civilian 
surgery. 

Net water losses are not always correlated 
well with the sodium change by balance; this 
is not surprising in view of the fact that dehy- 
dration by lung losses (as in the thirsting in- 
dividual in dry heat) occurs without loss of 
sodium. Most acute negative balances also 
involve potassium loss at a high K:N ratio 
(14) indicating loss of cell water faster than 
cell matrix (i.e. intracellular dehydration), a 
fact which further removes the water balance 
from exact correlation with the sodium bal- 
ance. In dealing with water loss via the 
gastrointestinal tract, the finding of water 
loss greater than that accountable by sodium 
must be interpreted as indicating transfer of 
cell water, error in the balance methods (sweat 
loss?), or both. Acute dehydration is remark- 
able among changes in body composition for 
its rapidity, and the lethal effects of small per- 
centage changes. A net dehydration of only 
5 per cent of body weight produces severe ill- 
ness; in Case 8, a net dehydration of 3.1 per 
cent of body weight in 24 hours (acute loss of 
5 per cent of total body water) produced an 
extremely sick patient. 

In the absence of urine output there is vir- 
tually no “ceiling” on the rate of water gain; 
this, of course, is the great hazard in the reck- 
less use of fluids in treating anuria. An 
analogous situation exists after trauma, in 
which urine output of sodium and water ap- 
pears to be restricted, the result of adrenal 
and possibly posterior pituitary activity. 
Here there is also a hazard in fluid accumu- 
lation; Cases 4, 7, 11, 13, and 16 demonstrate 
the ease with which water loading occurs in 
the postoperative patient. 

In such diseases as heart failure, nephritis 
and liver disease, water accumulation also 
occurs; its rate and amount is clearly a func 
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tion not only of water administration but also 
of the severity and nature of disease in the 
specific organ systems involved. 

For many years, thinking in relation to 
surgery and acute disease has centered on 
dehydration. It is of interest that with an 
accurate means of measuring total body water 
available, we find that pathological water 
accumulation is, if anything, a commoner dis- 
order than dehydration. It is our conviction 
that pathologic accumulation of water and 
salt, either in starvation or posttraumatic 
states, is a frequent cause of hypoproteinemia 
in surgical patients. 


LEAN TISSUE AND MIXED CHANGES: 
POSTOPERATIVE CHANGES 


When trauma is followed by starvation even 
for a short period, there is oxidation of fat 
which proceeds at a faster rate than in starva- 
tion alone as previously mentioned. In addi- 
tion there is loss of nitrogen and potassium, 
the familiar obligatory phase of negative 
halance sometimes referred to as the “‘cata- 
holic phase.” Whatever the mechanism, the 
total effect is rapid loss of fat plus loss of lean 
tissue. The relative proportion of the two 
may vary, as is clear from the cases. In ex- 
tremely ill patients who are undergoing severe 
stress due to trauma or acute illness, and who 
are at the same time well hydrated but starv- 
ing (as in Case 14 or early in the course of a 
burn), this “post-trauma mixed tissue loss” 
may proceed with remarkable speed up to 
| kilogram a day for short periods. Such 
acute losses—as might be seen for instance in 
a severely wounded soldier—appear to be 
about one-half lean tissue (18 gm. of nitrogen, 
lor example, representing 540 gm. of lean 
tissue) and one-half fat. The loss is therefore 
definitely higher in fat content than starting 
body composition; it is much higher in lean 
tissue than simple starvation; it is not ‘“‘bal- 
anced tissue loss.”” This massive loss of whole 
tissue high in fat is characteristic of the post- 
operative period. 

The loss of 1 kilogram of such tissue would 
theoretically contribute 540 calories from 
protein and 4,500 calories from fat; it has been 
known for a long time that the caloric require- 
ments of very seriously ill febrile patients is 
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very high. Here we have a beginning concept 
of how these needs are met. 

The gain of lean tissue in normal growth 
and normal convalescence occurs at a rate 
near 3 to 5 grams of nitrogen per 70 kilograms 
per day. This gives go to 150 grams of lean 
tissue. During growth, fat may be gained 
with this lean tissue; during convalescence 
the lean tissue appears to be gained first fol- 
lowed later by the fat. During athletic con- 
ditioning lean tissue is gained and fat lost. 
All possible combinations are seen during gain. 
During loss some nitrogen seems inevitably 
to be ibst with fat and some fat seems to be 
burned when lean tissue is disappearing ex- 
cept in those instances where immobilization 
alone is responsible for the muscle atrophy. 


SPECIFIC DISEASE ENTITIES 


The thyrotoxicosis cases suggest that where 
weight loss is not extensive, the gain in recov- 
ery is “whole tissue.”’ Thyroid hyperfunction 
appears to consume both lean tissue and fat, 
much as in the postoperative metabolism. 

In burns a very severe stress produces an 
underlying response consisting of loss of 
“mixed tissue high in fat”; the postoperative 
response on a grand scale. But before this 
reaches its maximum rate there is the seques- 
tration and subsequently the diuresis of the 
“burn edema” and a commensurate weight 
of sodium. The change in body composition 
produced by a burn embodies therefore clearly 
three phases: first, gain of burn edema; second, 
loss of burn edema and a long phase of tissue 
loss, and, third, repair (14). 

Of other diseases studied we have enough 
data to comment only on cancer of the gastro- 
intestinal tract. There seems to be a dichotomy. 
Some of the patients lose weight largely (but 
not wholly) at the expense of body fat. 
Theoretically they should do very well after 
massive surgery. Others for no clear reason 
burn both fat and lean tissue during their 
weight loss phase. They might be considered 
as less good risks for surgery. In both groups 
some degree of water and salt retention is 
common. 

SUMMARY 

1. Observations on total body water in 25 

patients are presented. 
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2. Measurement of the total body water 
permits an approximation of the changes in 
total body composition which occur in disease. 

3. When nitrogen balance is added to this 
measurement, an accurate account is made of 
changes in water, lean tissue, and fat. 

4. A framework for interpretation and gen- 
eral averages for gains and losses of water, 
lean tissue, and fat are presented. 

5. Fat oxidation emerges as a basic change 
in body composition occurring in surgical pa- 
tients. After surgery or in severe acute illness 
there is characteristically a loss of ‘‘mixed 
tissue high in fat” in which the fat loss may 
reach the extreme value of 600 grams per 
day. This process may provide the organism 
with a caloric supply up to 5,400 per day. 
Average rates of fat loss in starvation and of 
fat gain in convalescence are much slower— 
approximately 50 to 75 grams per day. 

6. Gains of water and salt are frequent in 
starvation or after trauma. Overhydration 
is much commoner than dehydration, in 
civilian surgery. In both situations the water 
content of lean tissue is probably changed. 

7. Alterations in lean tissue are indicated 
by changes in nitrogen balance. Loss may 
proceed at rates up to 25 grams of nitrogen 
(750 grams of lean tissue) per day; a post- 
operative average is 5 to 7 grams of nitrogen 
(150 to 210 grams of lean tissue) per day. 
Convalescent lean tissue gain rarely exceeds 
the rate of 3 to 5 grams of nitrogen (go to 150 
grams of lean tissue) per day. 

8. Neural and endocrine factors which 
control these changes in body composition are 
at present poorly understood. 

g. In acutely ill surgical patients, loss of 
fat and some lean tissue is no bar to recovery 
if body water, electrolyte, plasma volume, 
and red cell mass are maintained neither too 
high nor too low for the lean tissues they serve. 
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TECHNICAL CONSIDERATIONS IN RESECTION OF 





THE HEAD OF THE PANCREAS 


E. S. BRINTNALL, M.D., F.A.C.S., Iowa City, lowa 


XPERIENCE with 18 consecutive re- 
sections of the head of the pancreas 
during the past 5 years has resulted in 
the adoption of a one stage method of 

mobilization and reconstruction which is safe, 
rapid, and satisfactory. The resections were 
carried out for pancreatitis in 1 instance, sec- 
ondary carcinoma in 1 instance, and for pri- 
mary carcinoma of the head of pancreas or 
ampulla in 16 instances. There were 2 opera- 
tive deaths, an operative mortality rate of 11 
per cent. 


OPERATIVE DEATHS 


Both operative deaths were attributable to 
operative injury to major blood vessels adja- 
cent to the pancreas, the injury occurring 
when an attempt was made to free neoplasm 
from vessels which were surrounded by or ac- 
tually invaded by carcinoma. Injury to the 
common hepatic artery in 1 patient (M.P., 
49-5063) necessitated resection of a segment 
of the vessel. And end-to-end anastomosis 
was performed and initially it apparently 
functioned satisfactorily. Death occurred 1 
month after operation following rapid termi- 
nal deterioration of the patient’s general con- 
dition with development of jaundice. Autopsy 
revealed thrombosis of the hepatic artery and 
massive necrosis of the liver. 

In the second patient (A.C., 50-12655) a 
large carcinoma of the pancreatic head sur- 
rounded the superior mesenteric vessels. The 
superior mesenteric vein was ligated because 
of injury to it during removal of the neoplasm. 
The patient’s entire postoperative course was 
characterized by hypotension, slight abdomi- 
nal distention, anemia, and passage of large 
amounts of blood rectally. The clinical diag- 
nosis of massive venous mesenteric thrombosis 
seemed obvious. Despite the utilization of 
antibiotics, gastric suction and numerous 
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blood transfusions, the patient’s condition 
continually worsened and she died 10 days 
postoperatively. Permission for postmortem 
examination was not obtained. 

Both operative deaths could have been pre- 
vented by accurately determining the rela- 
tionship of these vessels to the carcinoma 
before proceeding with resection of the pan- 
creatic head. Now the hepatic artery and the 
superior mesenteric artery and vein are cau- 
tiously separated from the carcinoma mass 
before resection is begun. In no instance in 
this series has the pancreatic carcinoma been 
found to be inseparable from the portal vein. 


OPERATION 

Criteria of operability. Experience with pan- 
creatic head lesions indicates that the lesion 
is resectable: (1) if it is within the scope of 
en bloc resection; and, (2) if it is separable 
from those adjacent major blood vessels which 
cannot be sacrificed. 

Technique. Figures 1 to 5 indicate the steps 
for mobilizing and excising the head of pan- 
creas, duodenum, and lower part of the stom- 
ach. The entire duodenum and the duodenal- 
jejunal flexure are resected so that mobile, 
vascular proximal jejunum is available for 
easy anastomosis to “pancreatic stump” and 
common bile duct’ without tension. The pan- 
creatic stump is “telescoped” into the end of 
jejunum. A retrocolic, end-to-side gastro- 
jejunostomy completes the reconstructive 
phase of the operation. The reconstruction is 
essentially that described by Child. All these 
anastomoses are accomplished with inner su- 
ture lines of fine catgut and outer suture lines 
of fine interrupted silk. 

By mobilizing the head of pancreas from 
left to right (“backwards”) the greatest pos- 
sible exposure of splenic and portal veins is 
provided, small tributaries to these vessels 


1In 1 instance in this series, gallbladder rather than common 
duct was anastomosed to jejunum. 
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Fig. 1. The peritoneum is divided and the duodenal loop 
mobilized. The gastroduodenal and right gastric arteries 
are divided and the hepatic artery is pushed upward. After 
it has been ascertained that the superior mesenteric vessels 
are separable from the uncus, the common duct is divided. 

Fig. 2. The stomach is divided in the mid-portion to 
open the lesser sac and expose the pancreas. 

Fig. 3. The pancreas is divided and the neck and head 
of the pancreas mobilized, from the splenic, superior mesen- 
teric, and portal veins proceeding from “left to right.”” The 
jejunum is divided. 

Fig. 4. The jejunum is drawn into the old “duodenal 
loop bed” and the pancreas is anastomosed to the open end 
of the jejunum by “telescoping” the pancreas into the 
jejunum. 

Fig. 5. The common duct is anastomosed to the jeju- 
num. A retrocolic gastrojejunostomy is set up. 
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which emerge from pancreatic substance are 
easily ligated before they are torn, and signifi- 
cant bleeding does not occur to obscure the 
operative field or jeopardize the patient’s life. 

The scheme ef reconstruction provides for 
the entrance of bile and pancreatic juice into 
jejunum proximal to the gastrojejunostomy. 
Here, as in cases of partial gastrectomy, the 
drainage of bile and pancreatic juice into 
small bowel proximal to the gastrojejunal 
stoma is thought to afford protection against 
the development of stomal ulcer (2). 

Postoperative observations. There was no in- 
stance of bile leak or bile peritonitis. In 1 
case, a soft rubber drain was placed down to 
the pancreaticojejunal anastomosis because of 
a small laceration of the pancreatic capsule in 
this area. External drainage of pancreatic 
juice in small amounts occurred for a few days, 
then ceased spontaneously. There was no 
other instance of pancreatic leak. In only a 
few patients was drainage material of any 
sort used. 

Frequently patients gave evidence of mild 
ileus during the first postoperative week. This 
ileus required use of gastric suction for several 
days longer than for the usual period for pa- 
tients undergoing upper abdominal operations 
such as gastric resection, splenectomy, or com- 
mon duct procedures. It is postulated that 
pancreatectomy results in disturbance of the 
autonomic innervation of the intestine. 
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Otherwise, there was nothing remarkable 
during these patients’ postoperative hospital 
stays. No wound, pulmonary, or renal com- 
plications occurred. The average period of 
hospitalization was not significantly longer 
than that of patients undergoing gastric resec- 
tion for ulcer or cancer (excepting the few in- 
stances in which patients were retained in the 
hospital for special nutritional studies). 

Late results of the operation for resection of 
the head of pancreas are not considered here. 
Survival studies of pancreatic resections for 
cancer will be published in a study which will 
also cover other (palliative) operations for the 
same condition. 


SUMMARY 


A method for resection of the head of the 
pancreas is described. The “left-to-right” mo- 
bilization of the pancreatic head appears to 
make the procedure both simpler and safer. 

The 2 operative deaths which occurred in 
this series of 18 resections (operative mortality 
rate 11 per cent) occurred in patients who 
would be considered inoperable according to 
the present criteria of operability. 
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MELANOMA 
A Study of 222 Cases 


JOHN R. HALL, M.D., CHARLES PHILLIPS, M.D., and RALEIGH R. WHITE, M.D., F.A.CS,, 


HE opinions expressed in this paper 
are based upon a review of 222 in- 
stances of malignant melanoma diag- 
nosed at the Scott and White Clinic. 

Statistics quoted are derived from a detailed 

study of 159 consecutive case histories of pa- 

tients with melanoma seen and treated at 

Scott and White Clinic between the years 1920 

and 1950. The remaining 63 cases represent 

patients seen in consultation, tissues received 
for diagnosis only, and patients seen after 

January 1, 1950. One of us (C. P.) has per- 

sonally reviewed each of the surgical speci- 

mens many times. 


TERMINOLOGY 


For the purpose of clarity in this discussion, 
terms are defined as follows: Melanoma is used 
interchangeably with malignant melanoma. 
The term nevus is reserved for lesions contain- 
ing nevus cells. It should not be loosely used, 
as is the habit with some dermatologists, to 
include any mark or blemish on the skin re- 
gardless of the presence or absence of nevus 
cells. 

The nevi may be divided into several sub- 
types. The intradermal nevus is the common 
mole. Here the nevus cells are found within 
the dermis. This lesion has not been implicated 
in the formation of a melanoma. The junction 
nevus is found within the epidermis. Here, the 
nevus cells are usually found in the basal 
layers close to the dermal epidermal junction. 
This is the lesion that is believed by many 
observers to be the precursor of the melanoma. 
The compound nevus, occurring in 12 per cent 
of adult nevi and in 08 per cent of nevi found 
prior to puberty, is an intradermal lesion with 
overlying junctional changes (19). Because of 
the demonstration of activity in the junctional 
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component and the subsequent formation of a 
true melanoma, this lesion has been incrim- 
inated. The intradermal portion is considered 
to be entirely innocent (5). The blue nevus 
(Jadassohn-Tieche) should be mentioned to 
complete the classification. It is composed of 
spindle shaped cells, which may be melano- 
blastic, arranged in irregular masses and 
whorls. These cells are found entirely within 
the dermis (15). The steel-blue color of the 
lesion coupled with the unusual appearance of 
the cells may lead the unwary into a diagnosis 
of melanoma. With careful consideration, dif- 
ferentiation can be made easily. The lesion is 
clinically and histologically benign and is un- 
related to melanoma. 


FORMATION OF MELANIN 


The origin of pigment found in cells of the 
innocent nevus and in cells of its malignant 
progeny, the melanoma, has been a subject of 
much controversy. Early observers (4) noted 
that iron pigment could frequently be isolated 
from these lesions and concluded that black pig- 
ment was a result of the breakdown of hemo- 
globin. After noting that the dark urine of pa- 
tients suffering from widespread melanoma 
became darker upon the addition of an oxidiz- 
ing agent, Thromahlen, according to Spencer, 
concluded that the formation of melanin was 
the result of some process of oxidation in the 
tissues. 

Bruno Bloch, working with frozen sections 
of pigment-forming tissues, found that mela- 
nin is formed within specific cells from mela- 
nogens circulating in the blood. This process 
is one of oxidation and is the result of the 
presence of a special ferment (dopa-oxidase) 
found in specific cells. Cells with a pigment 
forming potential were designated by Bloch as 
melanoblasts. Bloch found these cells in the 
basal layer of the epidermis and believed them 
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to be ectodermal in origin. By placing frozen 
sections of tissue containing melanoblasts in a 
1 per cent solution of 3-4 dihydroxyphenyla- 
lanine (dopa), Bloch demonstrated that the 
dopa-oxidase contained within the cytoplasm 
of melanoblasts would convert the colorless 


dopa into a dark, insoluble melanin. This 
fermentative process, which is specific within 
the melanoblast, is called the dopa reaction. It 
will conclusively differentiate between pig- 
ment forming cells (melanoblasts) and pig- 
ment phagocytizing cells (melanophores or 
chromatophores). 


HISTOGENESIS OF THE NEVUS CELL 


The question of the histogenesis of the 
melanoblastic nevus cell has been more con- 
troversial than the origin of melanin, and of 
more interest to the oncologist. The forma- 
tion of the melanoma would certainly seem to 
be the result of disorderly activity on the part 
of this cell. Affleck, in his excellent review of 
the subject, states that: (1) von Reckling- 
hausen first suggested that nevus cells arose 
from the endothelium of lymph channels; (2) 
Unna designated them as epithelial cells; (3) 
Ribbert believed that they were derived from 
connective tissue elements; while (4) Acton 
believed that the pigmented nevus cells were 
remnants of subepidermal sheets found in 
many of the lower vertebrae—thus, support- 
ing a mesoblastic theory of origin. Dawson 
demonstrated histologically a melanoma aris- 
ing from a quiescent nevus and assigned the 
origin to the basal cell of the epidermal layer. 

As a result of classic experiments with his 
trichrome stain, Pierre Masson, according to 
Nathan C. Foot, arrived at an entirely new 
conclusion. Masson ascribed the origin of the 
pigmented nevus to nervous, not dermal tis- 
sue. The-nevus type cell, according to Mas- 
son, is that of the sheath of Schwann. These 
nevus type cells, as explained by Masson, may 
differentiate in various directions. Those 
found in the subepidermal portions of the 
tumor may be cellular and epitheloid in form, 
thus resembling and arising from the Meissner 
corpuscles, or they may be smaller and more 
polyhedral resembling the Merkel-Ranvier 
cells. In the subdermal layers, the cells are 
more elongated and fusiform in appearance. 
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They are closely applied to nerve fibers and 
are covered with endoneurium. Masson de- 
scribed transition stages in intermediate areas. 
He concluded that the nevus, which lay direct- 
ly in the course of and closely resembled nerve 
endings, was therefore related to the neurofi- 
broma. He explained pigmentation on the 
basis of an altered cellular metabolic activity 
and cited the presence of melanin in other 
parts of the nervous system. Foot, working 
independently at a later date, confirmed Mas- 
son’s theories in every particular. 

Laidlaw and Murray confirmed Masson’s 
observations that the pigmented nevus is rich 
in nerve fibers and tactile cells. Phylogen- 
etically they related the pigmented nevus to the 
reptilian tactile spot through the mammalian 
hair follicle. 

The astute and convincing concepts of 
Masson did not go unchallenged. In 1916, 
Broders and MacCarty (9) reviewed 70 cases 
of melanoma seen at the Mayo Clinic. They 
implicated the benign nevus as the precursor 
of the malignant melanoma and disagreed 
with the advocates of a neural or connective 
tissue origin of the nevus cell. Clearly defin- 
ing terms, Broders and MacCarty stated that 
the nevus cell arose from the stratum germina- 
tivum of the epidermis and was epithelial in 
nature. They felt so strongly about the epi- 
dermogenesis of the malignant melanoma that 
they designated it as melano-epithelioma. Bro- 
ders has, since 1916, insisted upon the usage of 
this terminology in his laboratory (8). These 
concepts were convincing and original. They 
should be assigned a proper place in the his- 
tory of the evolution of the so-called modern 
theory of origin of the melanoma cell. 

Within recent years, the work of Broders 
and MacCarty has been confirmed, and a 
complete departure from the neurogenic the- 
ory of origin of the neval cells has been made. 
Arthur Allen has clearly and convincingly 
presented the case for the epidermogenesis of 
cutaneous nevi and melanoma. He advocates 
reasons “that would seem to prove that the 
basis for considering these cells neural is com- 
pletely inferential and, it must be respectfully 
added, not convincing ...’”’ Allen contends 
that the melanoblastic nevus cell originates 
from true epidermal cells. He offers histologic 
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proof in support of this theory. By micro- 
scopically demonstrating the change from be- 
nign to malignant in individual lesions, he has 
rather conclusively implicated the junction 
nevus as the precursor of the melanoma. 


THE PRIMARY LESION 


A definite history of melanoma developing 
upon the site of a pigmented mole could be 
elicited in 112, 70.4 per cent, of the 159 cases 
from the Scott and White Clinic series. The 
initial lesion was most frequently described as 
a small, flat, pigmented mole. The color was 
from brown, to blue, to black, with variations. 
Of particular interest was the fact that hair 
was not described as an inherent feature of 
any lesion. A primary lesion without pig- 
mentation was definitely described in only 5 
instances. These lesions were described as 
nonpigmented moles, small nodules, and small 
elevated scaly areas. In 12 patients no pri- 
mary lesion could be demonstrated, and in the 
others, the description was too vague to be of 
value. 

In 46, 61 per cent, of the 75 cases reviewed 
by Ackerman (1), a pre-existing mole was 
demonstrated. Affleck found a pre-existing 
pigmented mole in 266, 83.5 per cent, of 317 
instances of melanoma. Webster, Stevenson, 
and Stout, reviewing 162 cases, reported that 
the melanoma apparently arose from a pig- 
mented mole in 68, 65.4 per cent, of 104 pa- 
tients with adequate case histories. In their 
series of 174 cases of melanoma, Daland and 
Holmes stated that a previous pigmented le- 
sion was implicated in only 18 per cent of their 
patients with adequate histories. They ex- 
plained that a pre-existing lesion was not al- 
ways present for many melanomas are malig- 
nant from the beginning. Hair was not men- 
tioned as a feature of a primary lesion in any 
of the instances mentioned. 

As determined by Pack (17), the average 
person has approximately 20 visible pig- 
mented moles. However, upon questioning, 
the average patient may deny the presence of 
a pigmented mole on his body; and will be sur- 
prised when an obvious mole is pointed out. 
Although previously unnoticed, it is possible 
that in every instance melanoma develops 
upon the site of a pigmented nevus. If exam- 
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ined microscopically, this mole would fit the 
histological criteria of a junction nevus. Nine 
junction nevi in the Scott and White Clinic 
series were examined at a stage when definite 
changes from benign to malignant could be 
demonstrated. 


ACTIVATION OF THE PRIMARY MOLE 


If a diagnosis is to be made, clinical signs 
which herald the change of a benign nevus 
into a melanoma are of signal importance; and 
treatment must be instigated at the one and 
only opportune time. Growth of a mole was 
the most frequent sign of activity noted by 
the patients in our group. The next most fre- 
quent change noted was increase in pigmenta- 
tion. (Growth and increase in pigmentation 
frequently occurred simultaneously.) Later 
signs of activity were, in the order of fre- 
quency, irritation or infection, bleeding, and 
ulceration. Several of the lesions were de- 
scribed by the patients as ‘‘blood blisters.” 
Ulceration is indeed a late sign of local activity 
and is frequently accompanied by a dissemi- 
nation of tumor cells into regional nodes. 

Trauma has been implicated by many as an 
instigator of activity in a quiescent nevus. In 
23, 14.4 per cent, of the 159 cases studied, a 
definite history of patient-induced trauma was 
obtained. Abrasion of a nevus by clothing was 
the most frequent type of trauma. Other 
types of trauma were a blow by a foreign body 
and repeated irritation caused by shaving. It 
is impossible to state whether trauma insti- 
gated the malignant activity, or whether pre- 
ceding, unnoticed activity made the lesion 
more susceptible to trauma. At any rate a 
nevus located in an area of chronic trauma 
should be regarded with special significance. 


INCIDENCE AND DISTRIBUTION 


Of 159 melanomas seen and treated at Scott 
and White Clinic, 85 lesions occurred in males 
and 74 in females. This incidence by sex is not 
regarded as significant. If the life span should 
be divided into decades, the lesions occurred 
in all age groups. The youngest patient was 9 
years old, the oldest 84. The complete age dis- 
tribution may be seen in Table I. It should be 
noted that 65.6 per cent of melanomas oc- 
curred in patients past the age of 40 years. 
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Juvenile or prepubertal melanoma has been 
placed in a special category because of its 
malignant histological appearance and its re- 
luctance to metastasize. Sophie Spitz has pre- 
sented 13 cases. Only 1 patient had a clinically 
malignant course with fatal termination. She 
states that such cases are very rare in the lit- 
erature. Two of our patients fall into this 
category. One, a 9 year old female with an ul- 
cerating lesion of the forehead treated by wide 
local excision, is alive 18 years following sur- 
gery. The second patient, an 11 year old male, 
had a widely disseminated melanomatosis 
when first observed. This diagnosis was made 
on the basis of histological study of grossly 
black lymph nodes and sediment from a pleu- 
ral effusion. His course was rapidly fatal, 
death occurring in 5 months. 

Table II shows the distribution of melano- 
mas upon the body as found in the Scott and 
White Clinic series. The primary lesion was 
found on the head and neck in 30.6 per cent of 
patients, on the upper extremity in 16.2 per 
cent, and on the lower extremity in 21.9 per 
cent. This distribution does not follow the in- 
creased incidence of melanoma of the lower 
extremity suggested by others (1, 10). How- 
ever, this is not relative, as the number of be- 
nign nevi removed from these areas during a 
concomitant period is not available. The ab- 
sence of a primary lesion on the palm of a 
hand or on the male genitalia is of interest as 
these have been regarded as danger zones. 
Five lesions were found on the plantar surface 
of the foot. One lesion was located beneath a 
toenail, and another was noted beneath a 
fingernail. 


CLINICAL BEHAVIOR AND 5 YEAR SURVIVAL 
RATES 


Of the 159 cases studied, no follow-up is 
available in 13 instances. Every practical ef- 
fort has been made to trace these patients. 
Eleven of the 159 have been seen too recently 
to make follow-up of value. Thus, there are 
135 patients who have been followed for at 
least 5 years, or until a fatal termination in- 
tervened. Of these 135 followed, 3 patients 
have died accidentally or of other disease dur- 
ing the 5 year period. Hence, 132 cases are 
used as the basis for our 5 year survival rate. 
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TABLE I.—AGE INCIDENCE 


No. of cases | 
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As a matter of interest, the tumors have 
been graded pathologically. Grading has been 
done according to the degree of anaplasia of 
the cells making up the tumor after the meth- 
od of Broders. As the degree of malignancy 
increases so does the percentage and rapidity 
of fatal termination. The 5 year survival rate 
varies inversely with the pathological grade. 

Table III outlines the behavior of the in- 
dividual melanoma according to the patholog- 
ical grade. 

A subdivision of tumors according to their 
clinical progression is of more interest to the 
practitioner. This has been done as suggested 
by de Cholnoky. Small, localized lesions show- 
ing an increase in pigmentation or a small 
amount of growth are classified as stage I. 
Stage II includes those lesions with more ad- 
vanced growth or increased pigmentation. All 


TABLE II.—LOCATION OF PRIMARY LESION 
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Head and neck ar en ee 
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TABLE III.—CLINICAL BEHAVIOR OF TUMORS IN 
RELATION TO PATHOLOGICAL GRADES 





















































Grade | I II | Ill IV 
Known dead in: | | 

Less than 1 year I 9 28 9 
I-3 years ‘ 7. i. 4 mo | © t2 4 
Be ee ee ee 
sroyers | o | 2 | 2 | 
Alvezyers | 0 | o | 2 | o | 
Alive 5 years (free of disease) | ay . 17 | 8) | 7 I 
Tooreent = | 3 | « | « | o 
Notfollowed | « | 4 | — 2 
Died of other disease | 2 | + | © | © 
TotalNo. | 1 | as | 58 | 7 
syt. survival rate, percent | 77 _| _43_| 15 | 0.06 





lesions that were infected, ulcerating, bleed- 
ing, or discharging serum fell into this cate- 
gory. In stage III are those lesions with re- 
gional nodal involvement showing no sign of 
further spread. The nodes were not unduly 
enlarged or fixed and were regarded as clin- 
ically operable. Lesions that were regarded as 
too far advanced to be amenable to surgical 
treatment are classified as stage IV. 

The behavior of the tumors according to 
clinical stages may be seen in Table IV. There 
is a definite relationship between the clinical 
stage, the rapidity of fatal intervention, and 
the 5 year survival rate. This is so constant 
that it is believed of prognostic significance. 

The overall survival rate for the 132 cases 
followed for 5 years or longer is 28 per cent. 


TABLE IV.—BEHAVIOR OF MELANOMA ACCORD- 
ING TO CLINICAL STAGES 
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This percentage may be compared with results 
reported in other series. Affleck, on the basis 
of 170 patients followed for 5 years, reported a 
10 per cent survival rate. Adair, reviewing the 
results of treatment of 400 melanomas, re- 
ported that 12 per cent of 267 patients fol- 
lowed for 5 years were free of disease. Daland 
and Holmes reported a 21 per cent 5 year sur- 
vival rate, while Ackerman (1) reported a 19 
per cent survival rate for the same period of 
time. 
TREATMENT 

The time to treat a melanoma with efficacy 
is while it is still in the localized state. If this 
opportunity is lost, the likelihood of obtaining 
a permanent cure is greatly lowered. In this 
series, 59 patients received what was consid- 
ered as inadequate treatment prior to admis- 
sion here. Follow-up is available on 54 of these 
individuals, and only 4, or 9 per cent, were 
alive at the end of 5 years.’ 

Desiccation by some form of electrocoagu- 
lation was the type of inadequate treatment 
most frequently encountered in this series. 
Eight patients gave a history of having a mole 
destroyed by this procedure. All 8 of these pa- 
tients died of malignant melanoma. Amadon 
reviewed 27 cases treated with the so-called 
“electric needle.” The recurrence rate in this 
group was 100 per cent. He suggests that the 
generation of steam from the tissues tends to 
force malignant cells further out into the lym- 
phatics and venules which are dilated due to 
the heat. Daland and Holmes state that in 9 
of their patients, electrodesiccation or caustics 
seemed to stimulate the growth of primary le- 
sions. Pack (17) decries the use of the elec- 
trodesiccator. He believes that it not only 
does an inadequate job, but stimulates the re- 
maining nevus cells in such a fashion that they 
may become malignant. Adair, after a study 
of 400 cases, says that he is convinced that the 
electric needle is the one trauma responsible 
for as much “wild” growth as any other form 
of injury. 

It is impractical to advocate the removal of 
all pigmented nevi. However, those lesions 
having the gross appearance of a junction 


1To stress the importance of adequate initial treatment, it 
might be pointed out that if these 54 cases were deleted from the 
total number used statistically, the 5 year survival rate would 
jump from 28 to 42 per cent. 
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nevus should be excised. Any pigmented le- 
sion occurring on the palm of the hand, sole of 
the foot, or skin of the scrotum should be re- 
moved. These moles, almost without excep- 
tion, will be junction in type. Pigmented 
moles subjected to unusual trauma such as 
those in the line of shaving, on the belt line, or 
on pressure areas, should be removed. Cer- 
tainly, any pigmented lesion which exhibits 
any sign of activity such as an increase in pig- 
mentation or increase in size should be ex- 
cised. 

If one is cognizant of the potentialities of the 
pigmented nevi, the treatment of choice will 
be wide surgical excision. These lesions should 
never be incised for biopsy. The entire speci- 
men, including the lesion and the surrounding 
tissue, should be placed in the hands of a com- 
petent surgical pathologist for study and diag- 
nosis. Many microscopic sections may be nec- 
essary before a diagnosis is complete. When 
only one section of an early lesion is examined, 
an incorrect diagnosis is possible as benign 
junctional changes may lie in close approxima- 
tion to malignant melanoma. The tendency 
of these early lesions to spread through the 
subepidermal lymphatics to form satellite le- 
sions makes sections through the surrounding 
tissue of great importance. 

If melanoma is found, the situation imme- 
diately becomes complicated. At the present 
time, radical, but wWell;planned surgery offers 
the patient his only hope for survival. The 
initial lesion should be more widely and deeply 
excised including underlying subcutaneous 
tissue, fat, and fascia. If the lesion lies in the 
path of drainage of a regional group of lymph 
nodes, a block excision of the nodes should be 
done. If the primary lesion is so located that a 
dissection in continuity is feasible, this pro- 
cedure should be followed (16). In the in- 
stance of subungual melanoma, amputation of 
the digit along with regional node dissection is 
indicated. 

It has been demonstrated in the past that in 
melanoma of the extremity, the 5 year survival 
rate is increased some 3 per cent by a hemipel- 
vectomy, or subscapular amputation. This 
should be explained to the patient, and he 
should be offered the benefit of such proce- 
dures in selected cases. 
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SUMMARY 


1. The findings from a study of 222 in- 
stances of melanoma are presented. Of these, 
159 are patients seen and treated at the Scott 
and White Clinic between the years 1920 and 
1950. One hundred and thirty-two of these 
were found suitable for study and classifica- 
tion as the basis for 5 year survival statistics. 

2. The terms melanoma and nevus are de- 
fined. The nevi are subdivided into their 
various histological components. 

3. The theories of the formation of melanin 
are reviewed. 

4. The histogenesis of the nevus cell is con- 
sidered. It is determined that the melanoma 
and the nevus cell from which it arises are epi- 
dermal in origin. 

5. It is concluded that the melanoma arises 
from a pre-existing junction nevus. 

6. Clinical signs of the activation of a pri- 
mary nevus are presented. Trauma is consid- 
ered the most important activating factor. 

7. The age of patients, sex incidence, and 
the site of the lesions for this series are pre- 
sented. 

8. The clinical stage and pathological grade 
of individual lesions are correlated with the 5 
year survival rate. 

g. Treatment of the primary lesion and of 
the active melanoma is presented. 
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PARTIAL HEPATECTOMY 


Presentation of Four Cases and Discussion of Technique 


PETER W. STONE, M.D., and GEORGE M. SAYPOL, M.D., F.A.C.S., New York, New York 


HE first successful resection of a ma- 
lignant tumor of the liver was per- 
formed by Lucke in 1891 for a pri- 
mary carcinoma. In the intervening 
years the procedure has been performed for a 
variety of pathological entities including 
benign as well as malignant lesions. The 
benign lesions which have been resected in- 
clude adenoma, hamartoma, and those tu- 
mors originating in the connective tissues of 
the liver such as cavernous hemangioma and 
fibroma. The malignant counterparts of these 
tumors include hepatoma, cholangioma, angi- 
osarcoma, and fibrosarcomas. Recently Wan- 
gensteen has suggested the excision of meta- 
static nodules in the liver secondary to intra- 
abdominal neoplasms. Because of the in- 
creasing interest in excisional therapy of 
hepatic lesions it was thought to be of value 
to review the technical aspects of the opera- 
tion and to present 4 cases in which partial 
hepatectomy was successfully performed. 


CASE REPORTS 


CasE 1. H. W., Bellevue Hospital No. 74777-51. 
The patient was a 55 year old Chinese male who had 
heen treated by numerous physicians for intermit- 
tent epigastric pain and hypertension for the pre- 
ceding 25 years. Two weeks prior to admission he 
noted the onset of constant upper abdominal pain, 
nausea, and weight loss of 8 pounds. The pain had 
improved during the week preceding admission and 
he had regained 7 pounds. Past history, family 
history, and systemic review were noncontributory. 

Physical examination revealed a blood pressure 
varying between 136/80 and 180/112. In the left 
upper quadrant of the abdomen a moderately tender, 
firm mass, about 4 by 6 centimeters, was palpated. 
The mass was intra-abdominal and could be dis- 
placed to the right. It moved with respirations. 
The right lobe of the liver was palpable one finger- 
breadth below the costal margin. Its edge was 
smooth, rounded, and nontender. 

Laboratory data revealed a normal urine and 
complete blood count. Liver chemistries included 
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prothrombin time 20.6 seconds, total serum pro- 
teins 6.7 grams per cent, albumin-globulin ratio 
3.7/3.0= 1.2, serum bilirubin 0.5 milligram per cent 
and cephalin flocculation trace, 24 hours; 1 plus, 48 
hours. Blood urea nitrogen was 19.2 milligrams per 
cent and the Mazzini reaction was negative. Gastric 
analysis revealed 58 units free hydrochloric acid on a 
fasting specimen and 140 units free hydrochloric 
acid 45 minutes after histamine. The stools were 
consistently guaiac positive. A scout film of the 
abdomen revealed a _ noncalcified homogeneous 
density in the left upper quadrant and an upper 
gastrointestinal roentgenogram (Fig. 1a) revealed a 
large ulcer of the lesser curvature of the stomach in 
the pars media. The fluoroscopy report stated that 
the surrounding area was rigid and no peristalsis was 
seen to traverse the area. Gastroscopic examination 
was not performed. 

It was believed that the patient had a benign gas- 
tric ulcer in addition to a tumor of the left lobe of the 
liver. 

At operation the patient was found to have a firm, 
solid tumor arising from the undersurface of the left 
lobe of the liver and infiltrating the lobe. There was 
no invasion of the gastrohepatic ligament or the 
pancreas. The right lobe of the liver appeared 
normal. There were no other palpable intra-ab- 
dominal masses. The patient also had a gastric 
ulcer arising on the lesser curvature in the pars 
media. The triangular and falciform ligaments were 
divided and the left lobe amputated following the 
introduction of overlapping mattress sutures. These 
sutures were then tied over strips of gelfoam. A 
routine subtotal gastrectomy was performed. A 
rubber drain was placed along the line of liver resec- 
tion. The patient received 2,500 cubic centimeters of 
blood during the operative procedure. 

Macroscopic examination. The specimen com- 
prised stomach and left lobe of liver. (1) An ulcer 
measuring 1.5 centimeters in its longitudinal axis 
and 1 centimeter in its transverse diameter was 
present on the lesser curvature 5 centimeters proxi- 
mal to the pyloric sphincter. The ulcer had sloping 
edges and penetrated approximately o.5 centimeter. 
The floor and walls of the ulcer were surrounded by 
fibrous tissue which obliterated muscular landmarks 
and measured o.8 centimeter in thickness. The 
serosa was intact. The stomach presented no other 
abnormalities. (2) The left lobe of liver measured 
12 by 6 by 6 centimeters (Fig. 1b). From its infero- 
posterior aspect bulged a globular white tumor 
measuring 7 by 4 by 3.5 centimeters. The tumor 
tissue extended almost immediately to the line of 
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excision. Small satellite nodules of tumor measuring 
from 0.2 to 0.5 centimeter in diameter were seen out- 
side the main tumor. The latter was in many places 
well encapsulated by fibrous tissue, 1 millimeter 
thick. The superior part of the lobe was uninvolved. 
Its surface was finely and slightly nodular, nodules 
measuring 0.2 centimeter in diameter. The lobular 
architecture in this region was not accentuated. 

Microscopic examination. Section of the ulcer 
described grossly revealed a defect in the mucosa, 
submucosa, and muscularis of the stomach. The 
base of this ulcer was composed of granulation tissue 
overlying a thick layer of fibrous tissue. This scar- 
ring obliterated the muscularis at the base and ex- 
tended laterally for a considerable distance, infil- 
trating between muscle bundles of the muscularis. 
There was extensive fibrous thickening of the lesser 
omentum, but tumor cells were not found here. 
There was a chronic inflammatory reaction, most 
severe in the edges and base of the ulcer, and less 
severe in the fibrous tissue further away. Arteries in 
the base of the ulcer and nearby in the wall of the 
stomach were markedly sclerotic. The mucosa ad- 
jacent to the ulcer was undergoing goblet cell meta- 
plasia. 

Section of the tumor in the liver (Fig. 1c) re- 
vealed it to be composed of cords of well differenti- 
ated epithelial cells having the appearance of hepa- 
tic tissue. These invaded the parenchyma. There 
was much hemorrhage, fibrosis, and necrosis in and 
adjacent to tumor. Sections from the line of excision 
and liver uninvolved with tumor (Fig. 1d) revealed 
a mild portal and perilobular fibrosis and some fatty 
change. This spared some portal areas and there 
was little proliferation of bile ducts. Tumor cells 
were not present here. Schistosome ova were not 
seen. Granules of hemosiderin were frequent in the 
portal connective tissue. 

Diagnosis. The diagnosis was: chronic ulcer of 
stomach; carcinoma of liver, hepatic cell type; portal 
cirrhosis of liver, mild. 

His postoperative course was complicated by a 
wound infection. He was discharged on his twenty- 
fourth postoperative day to a convalescent home. 

CasE 2. L. A. S., University Hospital No. 
Ks51302. The patient was a 43 year old white female 
with the chief complaint of indigestion for 2 years 
and weak spells for 4 weeks. The remainder of the 
history was noncontributory. 

Physical examination revealed a well developed, 
well nourished, white female. Abdominal examina- 
tion revealed a large, ovoid mass in the right upper 
quadrant which extended from the midline to the 
right flank and inferiorly for a distance of 8 centi- 
meters below the costal margin. It moved with 
respirations and appeared to be movable from side 
to side. Continuity with the right lobe of the liver 
was indefinite. It was not tender and did not pul- 
sate. 

Laboratory data revealed a normal urine and 
complete blood count. A scout film of the abdomen 
revealed a density in the right upper quadrant and 
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mid-abdomen which seemed free of the liver and 
right kidney. Cholecystogram and intravenous uro- 
gram were normal. The preoperative diagnosis was 
pancreatic cyst. 

At operation, the following findings were noted: 
Projecting from the anterosuperior surface of the 
right lobe of the liver to the right of the gallbladder 
was a multiloculated, firm, cystic, bluish mass 
measuring about 1o by 15 centimeters (Fig. 2a), 
The remainder of the liver and the spleen were 
normal to palpation. The right lobe of the liver was 
mobilized so that the mass projected beyond the 
abdominal wall. In order to get beyond the tumor, 
it was necessary to interrupt the gallbladder at the 
cystic duct and remove it with the specimen. The 
specimen included part of the right lobe of the liver, 
the gallbladder, and part of the quadrate lobe. 
Bleeding from the cut surface of the liver was con- 
trolled by ligatures applied to major bleeders and 
interrupted mattress sutures tied over gelfoam., 
Three latex drains were inserted, one to the foramen 
of Winslow, one to the right lumbar gutter, and one 
superior to the right lobe of the liver extending 
toward the diaphragm; 2,500 cubic centimeters of 
blood was given by transfusion and the patient with- 
stood the operation well. 

Macroscopic examination. The specimen consisted 
of a large mass of tissue which measured 15 by 14 by 
5 centimeters and weighed 630 grams (Fig. 2b). It 
was deep gray-purple in color and had a smooth, 
shining capsule except for one margin where it was 
roughened and deep red and had apparently been 
separated from the remainder of the liver. On sec- 
tion a moderate amount of deep red blood exuded 
from the cut surface. The surface presented a vari- 
egated pattern of areas of deep red-purple and areas 
of gray-white. The areas of deep red-purple were 
moderately soft while the gray-white areas were 
somewhat firmer. 

Microscopic examination. Sections (Fig. 2c) 
showed that the tumor mass consisted of a mass of 
large endothelium-lined blood-filled spaces sepa- 
rated by connective tissue septa which varied in 
thickness but which were generally thin. Some of 
these spaces had become completely filled with loose 
collagenous tissue apparently representing throm- 
bosis with organization. The attached hepatic 
parenchyma showed the lobular pattern to be pre- 
served and the hepatic cells showed fine granular 
cytoplasm with many of them containing abundant 
golden pigment granules. Clusters of polymor- 
phonuclear leucocytes were seen in the narrowed 
sinusoids. Areas of hemorrhage were noted in the 
hepatic parenchyma in close proximity to the tumor 
tissue. A few clusters of dilated vascular channels 
were seen in the hepatic parenchyma near the tumor. 
Some areas of the tumor were composed of large 
amounts of loose collagenous tissue without vascular 
sinusoids. In other areas organization of throm- 
bosed sinusoids could be seen. 

Diagnosis. The diagnosis was hemangioma of 
the liver. 
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Postoperatively the temperature ranged from 99 
to ror degrees F. for the first 4 days. Bile drainage 
appeared in the wound on the second day and 
diminished progressively until the fourteenth post- 
operative day when it ceased. The patient was dis- 
charged from the hospital on the eighteenth post- 
operative day in good condition with primary wound 
healing. Five months later the patient is doing well. 

CasE 3. G. L., Bellevue Hospital No. 65711-51. 
The patient was a 54 year old Chinese male ad- 
mitted with a history of increasing weakness for 6 
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Fig. 1. Case 1. a, Upper gastrointestinal roentgenogram 
showing ulcer on lesser curvature of stomach. b, Photo- 
graph of the excised specimen with remainder of the left 
lobe of the liver. c, Photomicrograph of the hepatic 
tumor. Hematoxylin and eosin, X315. d, Photomicro- 
graph of uninvolved left lobe of liver showing early cirrhotic 
changes. Trichrome, go. 


months, 20 pound weight loss in 4 months, and re- 
current attacks of right upper quadrant pain occur- 
ring 2 to 3 hours after meals for 3 months. The 
present history, family history, and systemic review 
were noncontributory. 

Physical examination was negative except for deep 
tenderness and guarding in the right upper quadrant 
of the abdomen. 

Laboratory examination revealed normal urine 
and complete blood count. The blood urea nitrogen 
was 14.8 milligrams per cent, liver chemistries re- 
vealed total serum protein 7.0 grams per cent, al- 
bumin-globulin ratio 3.4/3.6=0.95, icterus index 8 
units, prothrombin time 18.7 seconds, alkaline phos- 
phatase 6.4 Bodansky units, cephalin flocculation 2 
plus at 24 hours, 4 plus at 48 hours, and bromsulpha- 
lein retention of 8 per cent at 40 minutes and 4 per 
cent at 60 minutes. The blood Wassermann reaction 
was negative. A smear of gastric contents was posi- 
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Fig. 2. Case 2. a, Photograph of specimen at operation 
(clamp is on cystic duct). b, Photograph of resected speci- 
men. c, Photomicrograph of tumor. Hematoxylin and 
eosin, X92. 


tive for acid-fast bacilli. Gastric analysis showed no 
free hydrochloric acid in fasting specimen and a 
maximum of ros units free hydrochloric acid 4 hour 
after histamine. The stools were brown and con- 
sistently guaiac negative. Roentgenograms of the 
chest revealed active tuberculosis with infiltration, 
cavitation, and fibrosis at the right apex. An upper 
gastrointestinal roentgenogram (Fig. 3a) showed 
immediate entry of barium into the common bile 
duct. There was no evidence of gastric or duodenal 
ulcer. Cholecystogram showed nonvisualization. 
On the third hospital day the patient noted in- 
creasing pain in the right upper quadrant of the 
abdomen. Examination revealed definite tenderness 
and rigidity in this area. There was temperature 
elevation to 1o1.5 degrees F. at this time. Within 2 
days a palpable subcutaneous mass appeared im- 
mediately below the right costal margin. At this 
time the tenderness had subsided and the tempera- 


ture and leucocyte count were normal. There was 
minimal tenderness on palpation of the mass. The 
preoperative diagnosis was choledochoduodenal 
fistula secondary to chronic cholecystitis and chole- 
lithiasis. The mass was interpreted as an intra-ab- 
dominal abscess secondary to perforation of the 
gallbladder. 

On the seventeenth hospital day laparotomy was 
performed and a shrunken, fibrotic gallbladder was 
found. No stones were palpable within the organ. 
There was a fistula between the common duct, at the 
level of the junction of cystic duct and common bile 
duct, and the second portion of the duodenum. The 
common duct was approximately 3 times dilated and 
its wall was thickened. No stones were present in 
the common bile duct. There was no duodenal ulcer. 
Arising from the right lobe of the liver at its lower 
edge was a firm, yellowish orange-sized, solid mass 
which had perforated the peritoneum and abdominal 
musculature and presented in the subcutaneous tis- 
sues of the right upper quadrant. The hepatic mass 
extended into the substance of the right lobe of the 
liver for a distance of 5 to 6 centimeters. The re- 
mainder of the right lobe and the left lobe were 
normal. There was no evidence of other intra-ab- 
dominal pathology. A cholecystectomy, choledo- 
chostomy, and dismantling of the choledochoduo- 
denal fistula with closure of the openings in the com- 
mon duct and duodenum were performed. The com- 
mon duct was drained by means of a T tube. A 
block dissection of that portion of the right lobe of 
the liver containing the mass, in continuity with the 
involved portions of abdominal and lower thoracic 
wall, was performed. Bleeding from the liver was 
controlled by means of overlapping mattress sutures 
the ends of which were tied over strips of oxycel. A 
soft rubber drain was placed along the edge of re- 
sected liver. The patient received 2,000 cubic centi- 
meters of blood during the operation. 

Macroscopic examination. The specimen had four 
parts. One was a segment of liver 6 by 4 by 3 centi- 
meters in dimensions. This had the configuration of 
the inferior edge and was covered on two aspects 
with capsule. From its central portion in the region 





STONE, SAYPOL: 


he inferior border protruded a mass of yellowish- 
te tissue. On section the tissue was found to be 
art of a nodule approximately 3 centimeters in 
neter. Its superior limit was 2 centimeters from 
proximal line of excision. The second specimen 
a mass of fibrous tissue and striated muscle said 
) be from the abdominal wall. A segment of rib was 
included. The dimensions of this specimen were 4 by 
3 by 3 centimeters. It was infiltrated on one aspect 
by firm pale tissue similar to that seen in the hepatic 
lesion and presumably was in continuity with the 
latter in situ. The third specimen comprised por- 
tions of the gallbladder previously sectioned. For 
this reason the architecture could not be ascertained. 
There were no stones. The fourth specimen was a 
fragment of irregularly shaped, pale, fibrous tissue, 
I centimeter in greatest dimension. This was said 
to be from the wall of the common bile duct. 
Microscopic examination. Sections of liver (Fig. 
3b) revealed infiltration of granulation tissue con- 
taining chronic inflammatory cells. The latter were 
principally mononuclears although there was a pro- 
portion of lymphocytes and plasma cells as well. In 
some areas the mononuclear cells had a vacuolated 
cytoplasm indicating that they contained fat. In 
many areas the granulation tissue had become quite 
fibrous. Along one margin the surface was ulcerated 
and covered with fibrinopurulent exudate. Reed- 
Sternberg cells and eosinophiles were not present. 
Mucicarmine stain failed to bring out the presence 
of mucin in any of these cells. With Wilder’s stain 
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Fig. 3. Case 3. a, Roentgenogram following ingestion 
of barium. Note filling of common bile duct and intra- 
hepatic biliary radicals with barium. There is no evidence 
of duodenal ulcer (oblique view). b, Photomicrograph of 
mass in right lobe of liver. Hematoxylin and eosin, X 315. 


reticulum was not seen to surround nests of epi- 
thelium. Spirochetes were not found with the Levi- 
diti preparation. Sections of the tissue from the 
abdominal wall revealed similar involvement with 
granulation tissue. Along one edge of these sections 
there were some fibrinous exudate and a number of 
polymorphonuclear leucocytes but no other evidence 
of sinus tract formation. In one area the granula- 
tion tissue contained a large number of multinucle- 
ated giant cells. These were unassociated with 
tubercle formation and abutted upon striated 
muscle. Sections of the gallbladder revealed in- 
filtration with a moderate number of chronic in- 
flammatory cells. There was considerable fibrous 
thickening of its wall. The tissue said to be from the 
wall of the common bile duct was granulation tissue 
similar to that described from the abdominal wall. 
Phosphotungstic acid-hematoxylin stain did not re- 
veal the presence of muscular elements. 

Diagnosis. The diagnosis was: (1) granulation 
tissue and chronic inflammatory reaction in the liver 
and striated muscle (tissue said to be from ab- 
dominal wall and region of choledochoduodenal 
fistula); (2) chronic cholecystitis. 

Postoperative cholangiograms revealed free pas- 
sage of dye into the duodenum. In one series of 
films a questionable calculus was reported in the 
lower end of the common duct. However, repeat 
films did not confirm this finding. The T tube was 
removed on the thirteenth postoperative day. 
There was moderate bile drainage for 1 week follow- 
ing removal of the tube. The patient developed 
necrosis of the skin edges of the lateral portion of 
the wound secondary to the retention sutures used 
to close the abdominal wall following its resection. 
This cleared with local therapy. He was transferred 
to the chest service on the thirty-sixth postoperative 
day for treatment of his active pulmonary tubercu- 
losis. 
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CasE 4. A. B., University Hospital No. K45795. 
The patient was a 62 year old white male with a 
chief complaint of pain in the right abdomen and 
indigestion of 7 months’ duration. Eight months 
previously a right colectomy had been performed at 
the Beth David Hospital (50-2924 by G. M. S.) for 
adenocarcinoma of the ascending colon, as well as a 
local removal of a malignant adenoma of the rectum. 
The excised colon at that time revealed two addi- 
tional polyps in the hepatic flexure, one of which 
had undergone carcinomatous transformation. At 
this operation the liver appeared normal. There 
were no gross metastases in the peritoneal cavity and 
the pericolic lymph nodes taken from the specimen 
were negative for tumor. The gallbladder, which 
was not removed, contained several stones. The 
remainder of the history was noncontributory. 

Physical examination: Scout film of the abdomen 
suggested a soft tissue mass in the right lower qua- 
drant of the abdomen. Urinalysis and complete 
blood count were normal. 

A preoperative diagnosis of recurrent carcinoma 
was made. At the insistence of the patient and his 
family for relief, it was decided to reoperate on him. 
Operation, under general anesthesia, using a right 
subcostal incision was performed with the following 
findings: A hard mass involving the right lobe of the 
liver and extending to the crest of the ileum. The 
left lobe appeared to be normal. The previous 
anastomotic site (ileocolostomy) was adequate and 
there was no evidence of tumor in the remainder of 
the peritoneal cavity or lymph nodes. The gall- 
bladder contained 2 stones noted at the previous 
operation. A block excision of the tumor mass in- 
cluding the gallbladder and part of the quadrate lobe 
was performed, the line of incision being 2 centi- 
meters beyond apparent tumor. Bleeding was con- 
trolled by ligating large bleeders on the cut surface 
of the liver and mattress sutures tied over gelfoam. 
One cigarette drain was placed in the subhepatic 
region; 2,500 cubic centimeters of blood was ad- 
ministered intravenously and the patient withstood 
the operation well. 

Macroscopic examination. The specimen consisted 
of a bulky, firm, nodular mass of tissue, said to 
represent liver and gallbladder. The entire mass 
measured 12 by 11 by 6 centimeters. Attached to 
one end of the liver tissue was a gallbladder. The 
gallbladder measured 13 by 3.5 by 1.0 centimeter. 
Its serosal surface was smooth and glistening and 
had a tan-pinkish color. Palpated within the gall- 
bladder were 2 calculi. On opening the gallbladder 
one found 3 facetted greenish-black stones averag- 
ing 1 centimeter in greatest dimension. The gall- 
bladder mucosa was brownish-red and somewhat 
granular in appearance. The gallbladder itself con- 
tained approximately 5 cubic centimeters of viscid 
brownish-green bile. The portion of liver which was 
seen measured g by 8 by 4 centimeters. The de- 
pendent edge was closely adherent to the previously 
mentioned tumor mass in the adipose tissue. Fur- 
thermore, this dependent edge of liver was as firm 
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as the tumor mass although it was not discolored, 
On cross section of the liver and adjacent tumor 
tissue one observed that this tumor consisted of a 
large mass of grayish-yellow tissue which exuded a 
purulent, yellowish-green fluid near the junction of 
the liver and the main tumor mass. This tumor tis- 
sue appeared to extend into the liver parenchyma 
for a distance of 2 centimeters along the entire 
breadth of the liver tissue. Multiple cross sections 
of the tumor mass revealed the same general pattern 
previously described. 

Microscopic examination. Sections of gallbladder 
showed a general loss of mucosa with replacement by 
fibrous connective tissue infiltrated by small num- 
bers of lymphocytes. Mucosal glands were fount in 
the muscular layers. The serosa and muscularis 
showed sprinklings of lymphocytes and polymor- 
phonuclear leucocytes. Sections taken from the 
junction of the tumor mass (Fig. 4) and the liver tis- 
sue showed the latter to be invaded by large num- 
bers of bizarre glandular structures in a matrix of 
hemorrhagic and necrotic liver and fibrous connec- 
tive tissue heavily infiltrated by polymorphonuclear 
leucocytes and lymphocytes. Only small islands of 
recognizable liver tissue remained. Parts of the 
tumor were necrotic. The tumor cells were pleo- 
morphic with ovoid and rounded nuclei containing a 
granular chromatin. A few mitotic figures were 
seen. The tumor mass in the tissue adjacent to the 
liver was similar to that described above. Sections 
of the most dependent portions of the submitted tis- 
sue also contained similar tumor cells. 

Diagnosis. The diagnosis was: secondary adeno- 
carcinoma of liver and peritoneal tissue following 
adenocarcinoma of large intestine; chronic chole- 
cystitis; cholelithiasis—calculi in gallbladder. 

Postoperatively the temperature ranged between 
99 and 102 degrees F. for the first 3 days. Bile 
drainage, which was minimal, was noted on the 
second day and ceased on the tenth postoperative 
day. Patient was discharged on the thirteenth post- 
operative day. Six months postoperatively, the 
patient developed signs of recurrence in the ab- 
dominal wall and 2 months later he died with evi- 
dence of widespread intra-abdominal metastases. 


DISCUSSION 


Primary carcinoma of the liver (hepatic cell 
carcinoma, hepatoma). Hepatoma appears to 
have a racial predilection for the Chinese. 
Statistical emphasis is given to this statement 
by the papers of Hartz, Strong and Pitts (20, 
21), and Wilbur, Wood, and Willett. Hartz 
reports an incidence of hepatoma .in 15 per 
cent of 33 autopsies performed on Chinese 
subjects as compared to 0.29 per cent in 1,350 
whites and negroes. Strong and Pitts (20, 21) 
found the incidence of hepatoma to be 7.1 per 
cent in 139 Chinese autopsied in contrast to 














0.1 per cent in 1,828 autopsies on occidentals. 
WV; bur and his associates noted an incidence 
of | epatoma in 38 per cent of 48 autopsies per- 
for ned upon Chinese. 

he tumor is primarily found in males. 
Tu | reports an incidence of 99 per cent in his 
co’ ected series of 134 cases. Gustafson, Wil- 
bu. and associates, and Cunningham also re- 
po | a male incidence greater than 85 per 
cet. 
5 with most tumors a definite etiological 
ec cannot be postulated although the high 
lence of cirrhosis found in conjunction 
w. 1 primary liver cell carcinoma cannot be 
o\ rlooked. Berman, Berk and Lieber, Wil- 
bi and associates, and Rosenberg and 
©. \sner report coexistent cirrhosis in 73 per 
cot, 61.3 per cent, 53 per cent, and 70 per 
ct respectively, of autopsied cases in which 
h .atoma was found. In the present case 
(( ise 1) the gross appearance of the liver did 
ni suggest cirrhosis, although microscopical- 
ly cirrhosis was found. 

(he symptomatology is vague, generally 
co sisting of dull epigastric and right upper 
q adrant pain. Weight loss, nausea and vom- 
it ig, jaundice, and abdominal distention are 
ac ditional symptoms which may occur. 

Physical findings include diffuse or nodular 
er: largement of the liver. Ascites may be pres- 
eit. A palpable spleen may be noted. The 
present patient complained of pain, weight 
loss, and vomiting. However, these symp- 
toms were attributed to his gastric ulcer. The 
mass in this case was in the epigastrium and 
was moderately mobile. Laboratory aids in 
the diagnosis of hepatoma are of little value. 
A grossly abnormal series of liver chemistries 
may suggest extensive damage but do not 
identify the cause. In addition it should be 
remembered that almost complete destruction 
of the hepatic parenchyma can occur with 
little or no change in the function of the organ 
as measured by present day chemical studies. 
Roentgenograms demonstrating a mass in the 
region of the liver, filling defects of the lesser 
curvature of the stomach, and esophageal 
varices secondary to portal obstruction are 
suggestive but not diagnostic. 

The therapy of hepatoma is excision. There 
is variation in the literature regarding the 
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Fig. 4. Case 4. Photomicrograph of hepatic metastases 
excised 8 months after colectomy for adenocarcinoma of 
the ascending colon. Hematoxylin and eosin, X 126. 


criteria of resectability of these lesions. Mc- 
Arthur and Brunschwig (4) favor resection al- 
though adjacent viscera may be involved. A 
more conservative approach is suggested by 
Warvi who believes resection should be car- 
ried out only if the tumor is localized, there is 
no involvement of the hilar bile ducts, blood 
vessels, and lymph nodes, and there is no sig- 
nificant reduction in liver function. 

The prognosis is poor. Because of the lack 
of reported operative cases in significant num- 
bers, one must rely upon collected cases. 
Wallace reported 29 cases operated upon with 
a mortality rate of 20 per cent. Of 20 patients 
followed, 12 or 60 per cent were alive and 
without recurrence 2 to 5 years after opera- 
tion. 

Hemangioma of the liver. In 1942 Shu- 
macker presented a collective review of 67 
cases operated upon for hemangioma of the 
liver in which 56 partial hepatectomies had 
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been performed. In 1949 Riddler and Mad- 
ding collected 4 additional case reports of 
partial hepatectomy for this lesion and pre- 
sented a case of their own in which excision 
was not performed. Recently Brunschwig 
and Smith (5) have reported the successful 
removal of a cavernous hemangioma from the 
right lobe of the liver bringing the total num- 
ber of excisions to 62. 

Shumacker’s series indicated that the ma- 
jority of cases occurred in patients 30 to 60 
years old with a sex ration of 4.5 females to 1 
male. A significant number of hemangiomas 
are asymptomatic, and attention is drawn to 
their presence either by the patient or a phys- 
ician noting a mass in the right side of the ab- 
domen. In approximately 50 per cent of cases 
nonspecific symptoms referable to the gastro- 
intestinal tract including nausea, vomiting, 
and epigastric discomfort are reported. How- 
ever, spontaneous rupture of a hemangioma 
may produce the symptoms and physical find- 
ings of an acute abdominal catastrophe. 

Diagnostic aids include unusual compressi- 
bility of the intra-abdominal mass, the pres- 
ence of a bruit over the mass, and an extrinsic 
pressure defect of the lesser curvature of the 
stomach noted by x-ray following administra- 
tion ot barium by mouth. Preoperatively the 
correct diagnosis is rarely made and a differ- 
ential diagnosis includes cysts or tumors ot the 
liver, gallbladder, pancreas, kidney, stomach, 
small bowel, and mesentery. 

The operative mortality has been surpris- 
ingly low. In the 56 cases of resection col- 
lected by Shumacker there was 1 death. In 
the additional resections performed by Mor- 
ton, Ayres and Amorin, Pickrell and Clay, 
Peale and Coombs, Brunschwig and Smith 
(5), and the authors, there have been no 
deaths. This gives an operative mortality 
of 1.6 per cent for 62 partial hepatectomies. 
The most common site of the tumor is the left 
lobe although it may originate in any of the 
hepatic lobes including an accessory lobe. In 
occasional instances a mass is found in more 
than one lobe. Numerous authors have ad- 
vised against aspirating or biopsying a caver- 
nous hemangioma because of intractable and 
sometimes uncontrollable hemorrhage. Ridd- 
ler and Madding believe that these lesions can 
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be biopsied and the bleeding satisfactorily 
controlled with gelfoam. 

In contrast to primary hepatoma of the 
liver, the use of x-ray is apparently of value 
in those cases of cavernous hemangioma not 
amenable to excision. Ray, Morris, and 
Riddler and Madding have all reported a 
favorable response with diminution in the size 
of the tumor following roentgen therapy in 
nonresectable hemangiomas of the liver. 

Nonspecific granuloma. We have been un- 
able to find any literature dealing with this 
uncertain pathological finding in the liver. 
Hence, we limit our discussion to our Case 3. 

At operation, our impression after section- 
ing the mass included possibilities such as 
chronic abscess (secondary to biliary tract 
disease), tuberculoma (this patient had active 
tuberculosis of the lungs), actinomycosis, 
gumma, and sarcoma. However, careful study 
of the microscopic sections did not confirm 
any of these impressions and we are left with 
the rather poor term ‘“‘granuloma.” 

Metastatic carcinoma of liver. Partial hepa- 
tectomy for locally invasive malignant lesion 
of adjacent organs and for metastatic nodules 
secondary to carcinoma of the gastrointestinal 
tract appears indicated when there is no evi- 
dence of additional intra-abdominal spread of 
the primary tumor or systemic metastases. 
Wangensteen has reported survivals of 9 and 
6 years in 2 patients who had extensive resec- 
tions of the left lobe of the liver in conjunction 
with gastrectomy for carcinoma of the stom- 
ach. The same author reports the excision of 
hepatic metastases secondary to carcinoma of 
the rectum at the time of a “second look” 
operation. Cattell has also reported the suc- 
cessful excision of metastases secondary to 
rectal carcinoma. 

Although by no standards curative, resec- 
tion of metastatic carcinoma of the liver may 
have palliative benefits, for in a certain num- 
ber of cases the secondary obstruction of the 
biliary tree by a large metastatic mass in the 
region of the hilus may be obviated. 

We believe that, where practicable, partial 
hepatectomy for secondary carcinoma of the 
liver is in keeping with the more recent aggres- 
sive surgical approach to intra-abdominal 
neoplasms. 
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TECHNICAL CONSIDERATIONS 
\Varvi has summarized the important tech- 
i al contributions and modifications in par- 
hepatectomy. These include: 
Compression of the stump of the tumor 
elastic ligature and extra peritonealiza- 

1s, Cousins (1874). 

Cautery excision of tumor, 

36). 

.. Lobectomy of tumor containing lobe, 

igenbuch (1888). 

Introduction of preliminary hemostatic 
ures and closure of line of excision after re- 
tion, Kousnetzoff and Pensky (1896). 

Placing of clamps on cut edge, exteri- 
vation of clamps and removal at a later 

| te, Clementi (1890). 

»). Gauze tamponade of cut surface, An- 

iutz (1903). 

7. Excision and hemostasis by electro- 

itery, McLean (1929). 

3. Excision and hemostasis by electro- 

itery following preliminary placement of 
» mostatic sutures, Reid (1945). 

The major problem in the excision of he- 

tic tumors is control of hemorrhage. To 

iis end the variations in technique listed have 
en directed. 

With the exception of the smaller tumors in 
vhich wedge resection and approximation of 
the cut edges may be performed, the most 
satisfactory method for obtaining hemostasis 
appears to be the preliminary placing and 
tying of mattress sutures. These are placed 
and tied so that the ends alternate on either 
side of the cut surface. Following excision of 
the desired tumor-containing segment of liver, 
these ends are tied over strips of thrombin 
saturated gelfoam or oxidized cellulose (oxy- 
cel). Prior to the last step any vessels or bile 
ducts not occluded by the mattress sutures 
may be clamped and tied, or secured with 
dural clips. The use of preliminary mattress 
sutures also reduces the possibility of air 
embolism via the open hepatic veins at the 
time of liver resection. We believe that this 
method is superior to cautery excision with 
resultant eschar formation and slough into the 
abdominal cavity. Excision of the left lobe is 
facilitated by division of the falciform and 
triangular ligaments and resection along the 
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interlobar sulcus. In extensive resections of 
the right lobe it is sometimes impossible to 
place mattress sutures before incision into the 
surface of the liver. In this situation an in- 
cision is made and the cut surfaces digitally 
compressed following which bleeding vessels 
are clamped or clipped and the mattress su- 
tures placed and tied. This procedure is con- 
tinued until the desired segment is removed. 
Wangensteen has suggested temporary oc- 
clusion of the afferent blood supply to the 
liver in an effort to gain a relatively bloodless 
field during extensive resections of the right 
lobe. The superior mesenteric artery, the 
gastroduodenal artery, the portal vein, and 
the hepatic artery have been clamped for 
periods up to 33 minutes. The number of 
times this procedure has been performed is 
not reported but 1 death, apparently sec- 
ondary to hepatic failure, is recorded. 

While we have had no experience with auto- 
transfusion during liver resection, the method 
is believed to be of value if proper facilities for 
sterile collection, citration, and readministra- 
tion are available. 

Following partial excision of the liver, 
drains should be placed in the vicinity of the 
transected surface. While persistent biliary 
fistula may occur, this is usually the result of 
failure to ligate the larger biliary radicals. 
Drainage of bile was not noted after 3 weeks 
in any of the present cases. 

A final consideration in the discussion of 
partial hepatectomy is the operative ap- 
proach. Paramedian or subcostal incisions 
will be satisfactory for excision of the left lobe 
or tumors primarily located at the margin of 
the right lobe. To obtain adequate exposure 
of tumors located in the cephalad portion of 
the right lobe, a combined thoracoabdominal 
incision on the right or an abdominal incision 
including sternotomy is suggested. 

SUMMARY 

Four cases of partial hepatectomy per- 
formed for hepatoma, cavernous hemangi- 
oma, nonspecific granuloma, and metastatic 
carcinoma are recorded with a review of re- 
cent related articles in the literature. Tech- 
nical considerations in resection of various 
portions of the liver are presented. 
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SURGICAL TREATMENT FOR IDIOPATHIC 
CONGENITAL MEGACOLON 
(HIRSCHSPRUNG’S DISEASE) 


DAVID STATE, M.D., F.A.C.S., Minneapolis, Minnesota 


HE purpose of this paper is to 

present the author’s experience with 

16 patients with Hirschsprung’s dis- 

ease, in whom colonic functions have 

bi n studied by means of fluoroscopy and 
itgenograms after the administration of 

a arium enema. As a result of these studies 
a ew surgical approach to the treatment of 
H -schsprung’s disease has been devised, 
ch has resulted in excellent results in the 

. lents so treated. 


ETIOLOGY 


ince Hirschsprung’s original classic paper 
sented in 1886, great numbers of theories 

« to the cause of this disease have been ad- 
reaced. It is only recently, however, that at- 
tion has been paid to alterations of gang- 

ca cells of the myenteric plexus and the re- 
orts of several authors substantiate the fact 
:it in the narrowed sigmoid area, just distal 
the marked dilated colon, there is an ab- 
ice of ganglion cells. As a result of these 
servations the most widely accepted theory 
date as to the etiology of Hirschsprung’s 
isease is that there is a functional obstruc- 
n of the bowel at the narrowed rectosig- 
moid area in which there is an absence of 
ganglion cells with secondary dilatation and 
hypertrophy of the proximal colon. By means 
of colonic motility studies, using a multiple 
balloon technique, Swenson and co-workers 
(9) have presented evidence supporting the 
concept of faulty transmission of peristaltic 
waves across the narrowed rectosigmoid area, 
and, in addition, they felt that the rectum 
was also abnormal in its behavior. As a re- 
sult of these studies, Swenson has advocated 
and practiced the removal of the rectosigmoid, 


_ The studies herein reported were supported by grants from 
(t) The Graduate School, University of Minnesota and (2) Ber- 
niece Moriarity Fund for Surgical Research. 


and almost the entire rectum. He then anas- 
tomoses the sigmoid colon to the small resid- 
ual portion of the rectum immediately above 
the internal sphincter using a pull-through 
technique. In 52 patients there has been but 
I postoperative death, and cures were ap- 
parently obtained in the remaining 51 (7). 

Bodian and Hiatt, utilizing slight varia- 
tions of Swenson’s procedures, have also re- 
ported good results. The latter author, how- 
ever, says that there were leaks at the line of 
anastomosis in 7 of the 23 patients treated 
and in some there was impairment of sphincter 
action as well as recurrence of bowel dilata- 
tion and symptoms of megacolon. 


FUNCTIONAL ACTIVITY OF THE BOWEL AS 
DETERMINED BY ROENTGENOGRAMS 


Neuhouser (8) was the first to point out 
the important roentgenographic findings in 
the colon of patients with congenital mega- 
colon. By injecting only a small amount of 
barium and examining the patient in oblique 
position, he clearly demonstrated the narrow 
segment of the colon interposed between the 
rectum and the dilated sigmoid in all cases 
of true congenital megacolon. 

Roentgenologic studies in our patients have 
confirmed Neuhouser’s findings. In addition, 
we have noted the following (Fig. 1): (1) The 
rectum appears to have a normal caliber. 
(2) The right side of the colon, i.e., the cecum, 
ascending, and variable extents of the trans- 
verse colon, present good haustral markings 
and evidences of normal contractility. (3) The 
left side of the colon, i.e., the descending and 
sigmoid colon, are markedly dilated and show 
no evidences of haustral markings or peri- 
staltic activity. 

These three points are extremely important. 
They have governed the extent of colonic re- 
section in our cases. The portions of the 
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Fig. 1. Roentgenogram after a barium enema in a male 
patient age 9 years with congenital megacolon. Note: 
(1) normal caliber of the rectum; (2) the narrowed recto- 
sigmoid region; (3) marked dilatation and absence of 
haustral markings of the left side of the colon; (4) normal 
diameter and haustral pattern ot the right side of the colon. 
The transition area is somewhere in the mid-transverse 
colon. All our cases with true congenital megacolon have 
shown these roentgenographic findings. 


colon which are dilated and show no peristaltic 
activity roentgenographically are removed. 
The rectum is retained and an anastomosis is 
carried out between it and the right side of 
the transverse or ascending colon which shows 
good peristaltic activity roentgenographically. 


OPERATIVE FINDINGS 


Since these patients have suffered many 
years of chronic ill-health, their nutritional 
status is impaired and special attention has 
been directed toward getting the patient in 
the best possible condition for operation. 
They have received a high caloric diet with 
vitamin supplements and, when indicated, 
repeated whole blood and plasma transfusions 
have been given to elevate the plasma pro- 
teins and to correct anemia. Attempts are 
made to clean out the colon preoperatively, 


but vigorous administration of enemas is not 
necessary. In fact, it is undesirable, for the 
child may become markedly weakened be- 
cause of them. Since at the time of operation 
much of the content of the colon can be 
milked into the dilated sigmoid, which is to 
be removed, the presence of a moderate 
amount of feces in the colon does not inter- 
fere with the operative procedure. For 3 
days prior to operation the patients are given 
aureomycin, 500 milligrams, 4 times a day, 
orally, to decrease the intestinal flora. An 
intravenous injection of 5 per cent glucose in 
distilled water is started in an arm before 
operation, and, since many of these patients 
have idiopathic dilatation of the urinary blad- 
der, all patients have had urethral catheters 
inserted immediately after being anesthetized. 
For anesthesia, pentothal-curare solution has 
been used in all the cases except 1 in which 
spinal anesthesia supplemented with pento- 
thal-curare solution was used. 

The incision is a left paramedian incision 
from the symphysis pubis well up into the 
epigastrium (Fig. 2a). In our first 2 cases, a 
left hockey stick incision was used because 
some difficulty in mobilizing the splenic flex- 
ure was anticipated, but in the subsequent 
cases it was noted that the splenic flexure 
was very mobile and offered no problem in 
mobilization. When the paramedian incision 
has been used, care has been taken to keep 
the rectus muscle intact. 


EXTENT OF RESECTION (FIG. 2 AND 2b) 

The proximal extent of resection in all 
cases is determined preoperatively by means 
of roentgenograms. At laparotomy, with the 
entire colon exposed, the findings corroborate 
those obtained by roentgenograms. The rec- 
tal ampulla has a normal thickness and diam- 
eter. The ‘‘narrowed” area between the rec- 
tum and dilated sigmoid is of variable length 
but has been pyesent in all cases of true con- 
genital megacolon. The definition between 
the dilated left side of the colon (sigmoid, 
descending, and variable portions of the left 
side of the transverse colon) and the right 
portion of the colon is often very clearly 
seen, particularly, if care is taken not to 
push gas and stool back from the dilated 
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Fig. 2. 


FOR IDIOPATHIC 


CONGENITAL MEGACOLON 


Steps in the operative procedure. The central diagram shows the changes 


in the bowel seen at laparotomy, the extent of resection is indicated by dotted lines. 
The proximal line of resection is through a portion of the transverse colon which has 
normal bowel thickness and good haustrations. The distal line of resection is through 
the upper portion of the rectal ampulla, just distal to the narrowed rectosigmoid area. 
This is depicted more clearly in b. a, The type of operative incision used. Note also 
the inlying catheter. c, d, and e, Details of the closed anastomosis used. In c, the pos- 
terior row of sutures have been placed. These are tied and cut. The clamps are ro- 
tated and the anterior row of sutures is inserted. The clamps are loosened and removed 
as the anterior row of sutures are tightened up to prevent spillage. They are then tied 
and cut. Reinforcing sutures are used as needed. e, Considerable care is taken to 


extraperitonealize the line of anastomosis. 


sigmoid on mobilization of the latter. The 
level of transection of the bowel on the right 
side can be readily identified, for at this level 
the bowel has normal thickness and the longi- 
tudinal muscular bands are normally placed 
so as to produce haustrations. In 14 of the 
cases this level of proximal transection has 
been in the right half of the transverse colon. 
In the remaining 2, it has been in the ascend- 
ing colon just proximal to the hepatic flexure 
in one and in the left side of the transverse 
colon in the other. In all instances the colon 
is removed proximal to the most distal area 


of active peristalsis as determined fluoroscop- 
ically. This is done purposely so as to avoid 
any error in utilizing bowel of questionable 
peristaltic activity. The distal line of resec- 
tion is removed with careful ligature of the 
vessels in the mesentery close to the bowel. 
Definition of the normal rectal ampullas has 
been made in all instances without difficulty 
and with as little dissection of the rectum as 
possible for two reasons: (1) the prevention 
of injury to the nervi erigentes and (2) avoid- 
ance of producing a large space between the 
rectum and hollow of the sacrum which pre- 
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disposes to perirectal infection and leakage 
at the line of anastomosis. . 

A closed one layer type of anastomosis (10) 
is made by using Wangensteen’s intestinal 
anastomosis clamps (Fig. 2c and d). Inter- 
rupted No. 4o silk sutures inserted in the 
Lambert fashion are used. Because of the 
good length of the rectal stump there have 
been no particular technical difficulties with 
the anastomoses. The level of anastomoses 
has been between 6 and to centimeters from 
the anal skin. Great care is taken to extra- 
peritonealize the anastomosis (Fig. 2e). 

In 2 patients difficulty was encountered in 
bringing down the transverse colon to the 
rectum because of unusual distance between 
the upper abdomen and pelvis. In these pa- 
tients the midcolic artery was clamped at its 
origin and after the collateral circulation was 
found to be good, the vessel was transected 
and tied. This resulted in the needed addi- 
tional length to do the anastomosis without 
tension. 

No attempt is made to close off the bare 
areas made by removing the descending and 
sigmoid colons and their respective mesen- 
teries. One gram of streptomycin and 500,000 
units of penicillin are deposited routinely within 
the peritoneal cavity at the level of anastomo- 
sis before closure. A nasal tube is left in the 
stomach for decompression purposes for ap- 
proximately 48 hours after operation. Closure 
of the abdominal wound in layers is carried 
out with interrupted No. 30 silk. Postopera- 
tively these patients receive parenteral fluids, 
streptomycin, and penicillin for the first 4 
days. Early ambulation is practiced. The 
urethral catheter is removed on the third day 
and reinserted if the residual urine measures 
more than 75 cubic centimeters. 


RESULTS 


Sixteen patients have been operated upon in 
the manner described. There have been no 
deaths and no leaks at the line of anastomosis.' 
The postoperative course has, in the main, in 
all these patients been uncomplicated. The 


1Two patients with pseudomegacolon and megarectum de- 
veloped leaks at the line of anastomosis, necessitating proximal 
colostomies. The colostomies have since been closed and both 
patients have had excellent results in that they are having spon- 
taneous daily bowel movements. 
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clinical results in 15 have been excellent in 
that these individuals have daily bowel move- 
ments without the aid of enemas or cathartics. 
The remaining patient, whose results can be 
classified only as good, developed several 
bouts of abdominal distention and constipa- 
tion immediately following surgery. He re- 
sponded nicely, however, to enemas and again 
started having spontaneous bowel movements. 
He was last seen on December 21, 1951, one 
year after operation, at which time he was 
having 1 to 2 bowel movements daily. He had 
grown 6 inches and gained 22 pounds following 
his colon resection. 

The follow-up period in these patients range 
from 6 to 36 months. Postoperatively barium 
enemas show good peristaltic activity and 
emptying of the residual colonic segment 
(vide infra). There has been a marked im- 
provement in the general health and physical 
endurance of all patients operated upon. In 
those patients who are still in the growing 
period, there has been rapid increase in height 
and weight. The personalities of these pa- 
tients has also improved in a dramatic fashion. 

The age of these patients has ranged from 
2 to 21 years. The oldest patient, now a Uni- 
versity student, has been checked from the 
standpoint of sexual function and has been 
found to be apparently normal in that he has 
erections, and examination of the semen shows 
a normal number of active and normal appear- 
ing sperms. 


DISCUSSION 


The mortality associated with nonsurgical 
treatment of congenital megacolon has been 
high, ranging from 37 to 79 per cent (6). 
These mortality rates pertain to the pretrans- 
fusion and preantibiotic eras, and the death 
rate is undoubtedly lower now. Although 
medical therapy may be successful it is rarely 
ideal, for it entails untold hardships on both 
parents and child. No one can blame a child 
or his parents for seeking relief from the dis- 
agreeable task of colonic lavage even though 
daily fecal evacuations are produced thereby. 
The importance of the somatopsychic aspect 
of this disease cannot be overemphasized. 
Almost without exception our patients have 
presented personality and behavior problems. 
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| heir poor general health, the need for repeat- 


ed enemas, and the fact they cannot partici- 
pate on an even basis with their playmates can 
r-adily be considered as sufficient cause for 
p rsonality aberrations. One of the most 
itifying results of successful surgical treat- 
nt has been the disappearance of these per- 

,ality and behavior problems. 

In congenital megacolon the weight of evi- 

nce appears to indicate that there is a basic 

fect in the development of the myenteric 

‘xus in the rectum, rectosigmoid, and sig- 

iid colon. This results, supposedly, in a 

netional obstruction with secondary dilata- 

n and hypertrophy of the bowel proximally. 

owever, there are a number of points which 

event wholehearted acceptance of this the- 
yv: (1) The absence of ganglion cells of the 
venteric plexus is not always seen in the 
arrowed” rectosigmoid area (5). (2) The 
inglion cells may also be absent in variable 
rtions of the dilated sigmoid as well. 

) The rectum, as visualized by a barium 

ema, appears to be normal in regard to size, 

ape, distensibility, and contractility. (4) If 
1 1e changes in the bowel proximal to the nar- 

wed areas were secondary to the obstruction 
ione, one would expect the cecum to have the 
i: iaximum dilatation because it has the largest 
iameter of all portions of the colon (11). 
lowever, the maximum dilatation is in the 

emoid rather than the cecum. Roentgeno- 

‘raphically, peristaltic activity is readily seen 
| the right side of the colon, but the dilated 
igmoid shows practically no peristaltic activ- 
ity or contraction whatsoever. These observa- 
tions would point to some, as yet unknown, 
defect involving the entire left side of the colon 
and sparing the right side of the large bowel. 
In support of this theory is the fact that the 
parasympathetic innervation of the right side 
of the colon is presumably by the vagus, 
whereas the left side of the colon is via the 
pelvic parasympathetic outflow. 

Because of the findings noted uniformly by 
roentgenograms, namely, a normal appearing 
rectum and functionally active colon on the 
right side and dilated, functionless colon on 
the left side, it appeared logical to resect the 
latter and anastomose the right side of the 
colon (ascending or right side of the transverse 
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colon) to the rectum. The results in the cases 
so treated justify this concept to date. 

The advantages of this procedure over the 
“pull-through” technique are: 

1. The resection of colon and the anasto- 
moses are done in the peritoneal cavity. There 
is then no need for going below in the perine- 
um, pulling through the proximal colon, and 
doing an unusual type of anastomosis from 
below. 

2. The rectum, in most of its entirety, is 
removed in the “pull-through” procedure. 
This may result in damage to the nervi erigen- 
tes. It is well known that after a combined 
abdominoperineal resection with removal of 
the rectum, the majority of males are im- 
potent. The surgical procedure advocated by 
Swenson does not entail as wide a removal of 
perirectal tissues as in the combined abdom- 
inoperineal resection for carcinoma and the 
fear of sterility may be unfounded, but in the 
young male the pelvis is narrow and conse- 
quently the pelvic parasympathetic nerves are 
more vulnerable. When the rectum is left 
undisturbed and when the mesentery of the 
removed segments is cut across near the bowel, 
damage to the sympathetic as well as para- 
sympathetic nerve fibers to the pelvic viscera 
is obviated. 


REPRESENTATIVE CASE REPORTS 


G. K. was first seen at the University Hospitals in 
June 1945 at the age of 5 weeks. At that time he 
presented symptoms suggesting intestinal obstruc- 
tion and had a laparotomy. A volvulus was found 
and 10 inches of the sigmoid colon were resected 
leaving a double-barrelled colostomy. The colos- 
tomy was closed in approximately 2 weeks, and the 
patient developed marked abdominal distention. 
Exploration of the abdominal cavity was carried 
out again, approximately 1 week after closure of 
the colostomy. At this time the anastomosis was 
found to be patent but there was marked dilatation 
of the bowel proximal to the line of anastomosis. 
No further resection or anastomoses were done and 
the patient was treated by means of repeated ene- 
mas and cathartics, and then discharged in Sep- 
tember 1945 under reasonably good control. 

He was readmitted in October 1946 because of 
recurring bouts of abdominal distention and in- 
testinal obstruction. A laparotomy was carried out 
at which time a diagnosis of congenital megacolon 
was made and a transverse colostomy was formed. 
Following this the patient improved considerably. 
He was well until May 1947 at which time the 





206 


colostomy closed spontaneously and he again de- 
veloped intestinal obstruction. He was readmitted 
and the colostomy opened and again his symptoms 
subsided. Because of colostomy retraction and in- 
testinal obstruction, he was readmitted in June 
1947 at which time the transverse colon was brought 
up on the anterior abdominal wall over 2 glass rods, 
placed through the mesocolon with an effort to pre- 
vent retraction of the colon. This time it was 
noted that the transverse colon was markedly 
thickened and dilated. Proctoscopic examination 
revealed no definite evidence of obstruction at the 
line of anastomosis although there was some slight 
narrowing here. A No. 30 French catheter, how- 
ever, passed readily through the anastomosis into 
the dilated colon proximalward. Following this 
transverse colostomy the patient got along nicely. 
On September 28, 1948 a closure of the colostomy 
was carried out. The patient got along nicely until 
January 1949 when he again developed vomiting 
and abdominal distention which could not be con- 
trolled by enemas. He was returned to the hospital 
for examination on February 15, 1949, at which 
time marked abdominal distention with visible 
peristaltic waves were readily noted. The rectum, 
however, was empty to examination, and the flat 
plate of the abdomen showed marked distention of 
both large and small bowel. 

After active preoperative preparation, on March 
3, 1949, the patient was again taken to the operat- 
ing room, the narrowed rectosigmoid region was 
removed and an anastomosis was made between the 
transverse colon and rectum at a distance of 7 centi- 
meters from the anal skin. Postoperatively, the 
patient did well and was discharged on March 27, 
seventeen days postoperatively at which time he 
was having 3 to 4 loose stools per day, regularly. 
He failed to keep his appointment in our outpatient 
department and was not seen again until November 
20, 1950, at which time he was having 2 stools per 
day without any enemas and was very active and 
appeared normal in every way. He had gained 14 
pounds and had grown 71% inches since his opera- 
tion. Examination revealed the previous laparo- 
tomy scars but no evidence of distention. Unfor- 
tunately it was not possible to obtain a barium 
enema at that time. 


This patient presented a rather typical his- 
tory of a patient with symptoms of intestinal 
obstruction beginning soon after birth who 
was treated for a volvulus of the sigmoid 
without a definitive diagnosis of megacolon 
being made until sometime later. While an 
anastomosis had been done between the trans- 
verse colon and the sigmoid and there was no 
definite evidence of obstruction at the line of 
anastomosis, still whenever his colostomy was 
closed, the proximal bowel distended and he 
developed symptoms of intestinal obstruction 
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with marked abdominal distention. At his 
last operative procedure the previous anasto- 
mosis was found to be patent but there was a 
residual narrowed area of the rectosigmoid, 
approximately 5 centimeters in length. This 
area was resected and the transverse colon was 
brought down to the rectum. This experience 
is similar to that noted by others who have 
anastomosed the transverse colon to what ap- 
pears to be normal sigmoid. Following the 
removal of the narrowed sigmoid area, al- 
though the same proximal colon was utilized, 
still by anastomosing it to the rectum distal 
to the narrowed area, the patient was appar- 
ently cured of his difficulty. The fact that he 
has had no intestinal obstruction and is having 
daily bowel movements even though the rec- 
tum has been left behind would also substan- 
tiate the contention that it is not necessary to 
remove the rectum as long as the narrowed 
sigmoid area is removed and actively con- 
tracting bowel is brought down and anasto- 
mosed to the residual stump. 


R. F., a 21 year old white male, was admitted to 
the University Hospitals on September 28, 1949 
and discharged on October 8, 1949. He was first 
seen at the University Hospitals in 1930 with a 
history of chronic constipation and abdominal dis- 
tention since birth. He was acutely ill at this time 
with a high fever, vomiting, and intestinal obstruc- 
tion but was treated successfully by means of hot 
water enemas administered by Dr. A. Friedell of 
our pediatric staff. He was carried along reasonably 
well by means of medical therapy consisting of daily 
enemas and the use of cathartics, and for a period 
of time he also received mecholyl, without any pro- 
longed relief however. 

He was first seen by us for the consideration of 
surgery on August 29, 1949, and although he was 
having daily evacuations by means of enemas he 
felt he could no longer go to school because he was 
unable to handle the problem of self-administration 
of enemas away from home. He was admitted on 
September 28, 1949, and physical examination re- 
vealed a rather marked abdominal distention and 
marked flaring of the costal margin. Roentgeno- 
grams of the large bowel revealed the typical nar- 
rowed area of the region of the distal sigmoid and 
also marked dilatation of the proximal sigmoid 
colon. After adequate preoperative preparation he 
was explored on September 29, 1949, at which time 
the sigmoid colon was found to be tremendously 
dilated and thickened. This process extended to 
the proximal one third of the transverse colon where 
a transformation from the abnormal to normal tex- 
ture of the bowel occurred. The narrowed area of 
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a 


Fig. 3. Patient R. F., white male, age 21 years. 


Roentgenograms of colon 


taken approximately 2 years after colonic resection and anastomosis between 
ascending colon and rectum. a, Residual colon and small bowel distended 
with barium. b, Demonstrates the ability of the residual colon to evacuate 


itself. 


rectosigmoid was about 7 to 8 centimeters, but 
tal to this the rectal ampulla had a normal 
isverse diameter. Resection of the colon distal 
the hepatic flexure down to the rectal stump was 
ried out, and an anastomosis was then made 
» tween the ascending colon and the rectum, about 
entimeters from the skin margin. Postopera- 
cly he did very well and developed spontaneous 
vel movements which were at first quite liquid 
within a period of a month after operation they 
ad become quite well formed. He was last seen 
1 December 11, 1951, at which time he was hav- 
ing 2 to 3 well formed stools per day and had 
gained approximately 14 pounds since surgery. He 
has been able to go to school and also has part 
time employment, handling both responsibilities 
without difficulty. A roentgenogram of the bowel, 
alter barium enema on December 11, 1951 showed 
excellent contractility and emptying of the residual 
colonic pouch (Fig. 3a and b). 


This patient was the oldest in our present 
group and although he has been getting along 
relatively well by the use of daily enemas, he 
could not continue his schooling away from 
home because he was unable to arrange for 


self-administration of enemas. The involve- 
ment of the bowel as determined by means of 
roentgenograms apparently extended to the 
proximal one third of the transverse colon, but 
in order to insure an actively contracting 
colonic segment for the anastomosis it was 


necessary to utilize the ascending colon and to 
anastomose this to the rectum. His response, 
postoperatively, has been most gratifying and 
he is now able to continue his schooling and, 
in addition, is well enough to hold down a part 
time job as well. 


L. A., a 16 year old white male, was admitted to 
the University Hospitals on October 23, 10940. 
This patient gave a history of constipation since 
birth requiring enemas for daily evacuations. A 
diagnosis of congenital megacolon was made and at 
the age of 3 (in 1936) a lumbar sympathectomy was 
done elsewhere. This was followed by relief for 3 
weeks, but the original symptoms of constipation 
reappeared. He developed intestinal obstruction 
and generalized convulsions in June of 1940, and 
was treated by means of intestinal decompression 
and vigorous use of enemas. He was placed on 
mecholyl, but because of reactions and because no 
spontaneous evacuation of the bowel occurred, the 
medication was discontinued. By means of enemas 
it was possible to produce daily evacuation of the 
bowel as well as to prevent any marked dilatation. 
However, because of the need for these daily enemas 
the youngster could not actively participate in the 
usual social and athletic endeavors of his com- 
panions of the same age group and he had become 
rather moody and presented a behavior problem to 
his parents. X-ray examination of the large bowel 
revealed considerable spasm of the sigmoid colon 
with marked dilatations of the descending and trans- 
verse portions of the colon. There was also consid- 





SURGERY, GYNECOLOGY AND OBSTETRICS 


Fig. 4. Patient L.A., white male, 16 years of age. a, Preoperative roentgen- 
ographic studies after a barium enema. Note the difference in the roentgen 
findings between the left and right sides of the colon. The rectum appears 
normal. b, Barium enema studies 1 year postoperatively. The residual colon 
shows good peristaltic activity and emptying. 


erable elevation of both leaves of the diaphragm. 
The right side of the colon, however, showed good 
peristaltic activity and haustral markings (Fig. 4a). 

On October 26, 1949 laparotomy revealed a nor- 
mal rectum, measuring 6 centimeters in transverse 
diameter, but beginning at the rectosigmoid area 
and extending 14 to 15 centimeters proximally was 
a narrowed segment of bowel with a diameter of 
approximately 2 centimeters. The colon proximal 
to this was markedly dilated and hypertrophied. 
The haustral markings of the external surfaces were 
absent being replaced with a continuous surface 
layer of opaque material. These changes in the 
bowel extended to the middle portion of the trans- 
verse colon, where the bowel wall, although some- 
what thicker and more dilated than normal, had 
well defined longitudinal muscle bands and haust- 
rations. The transition of the abnormal to normal 
external surfaces of the bowel corresponded rather 
closely to the area where the haustral patterns and 
peristaltic activity appeared to be normal roent- 
genographically. Balloons were placed into the 
transverse colon, dilated sigmoid colon and the nar- 
rowed rectosigmoid area. Although some small 
peristaltic waves were obtained, still the interpre- 
tations of these tracings were difficult to evaluate. 
The colon was resected from the junction of the 
proximal one third and distal two thirds of the 
transverse colon down to the rectal ampulla, and 
an anastomosis between the transverse colon and 
the rectum was made at approximately 9 centi- 
meters from the anal skin margin. 

Postoperatively the patient did very nicely and 
was discharged on the tenth postoperative day hav- 


ing 2 or 3 soft well formed stools spontaneously. 
He was followed in our outpatient department and 
on his last visit, 1 year after operation, he was hav- 
ing 2 stools of almost normal size and consistency 
per day. He had gained almost 20 pounds in weight 
and grown 6 inches and no longer presented a prob- 
lem to his parents. Postoperative films taken 1 
year after surgery revealed good contractility and 
evacuation powers of the residual segment of the 
colon (Fig. 4b). 


Following operation this 16 year old boy 
developed spontaneous bowel movements and 
gained 20 pounds in weight and 6 inches in 
height within a period of a year. Because he 
could participate in social and athletic activi- 
ties with his companions, he was no longer the 
serious behavior problem he had been to his 
parents before operation. 


D. K. was admitted to the University Hospitals 
on January 3, 1950 and discharged on January 24, 
1950. This 11 year old white male had had marked 
constipation and abdominal distention since birth. 
He was first seen at the University Hospitals at the 
age of 3 when a diagnosis of congenital megacolon 
was made. He was placed on medical therapy con- 
sisting of 200 milligrams of mecholyl % hour after 
breakfast, mineral oil by mouth nightly, and min- 
eral oil enemas as needed for relief from fecal and 
gaseous distention. By careful attention to details 
of this regimen the youngster’s parents were able 
to prevent marked distention and to effect daily 
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Fig. 5. 


MEGACOLON 


a, Preoperative roentgenographic studies after barium enema on 


patient D.K., white male, 11 years of age. The tremendous dilatation of the 
sigmoid is readily apparent. There is also some dilatation of the right side of 
the colon but there are good haustral markings here. b, Roentgenogram taken 
6 months postoperatively. The distal portion of residual transverse colon 
shows some dilatation, although peristaltic waves are readily seen and eva- 
cuation took place. This is the only patient in which the proximal line of re- 
section was in the left half of the transverse colon. 


cuation. On several occasions, however, it was 
essary to hospitalize him for episodes of acute 


stinal obstruction which were relieved by means 
vigorous use of enemas. For almost a year prior 
his last admission to University Hospitals, how- 

r, the management of the gaseous distention 

| become increasingly difficult. It was necessary 

him to lie down once per hour daily to expel the 
which distended his abdomen. Also because of 
increasing distention his appetite had become im- 
red. He had not been able to go to school, and 
had been necessary to hospitalize him in his 
cal community on several occasions for evacua- 

n of his bowels. 

Physical examination upon admission revealed a 
hin, pale, poorly developed young white male, 
weighing 85 pounds and measuring 5334 inches in 
height. There was marked flaring of the costal 
margins and great abdominal distention. Large 
loops of bowel could be readily seen beneath the 
distended anterior abdominal wall. After thorough 
cleansing of the bowel a roentgenogram revealed an 
area of constriction at the rectosigmoid junction 
with marked dilatation of the sigmoid, descending, 
and left side of the transverse colon. Proximal to 
this, however, the bowel was of a smaller caliber 
and appeared to show good normal haustrations as 
well as active peristaltic waves (Fig. 5a). 

On January 10, 1950 the patient was operated 
upon at which time the dilated sigmoid, descending 
and lateral or distal one-third of the transverse por- 


tions of the colon along with the narrowed recto- 
sigmoid were excised. The latter was 8 centimeters 
long. The transverse colon was then brought down 
and anastomosed to the rectum at about 7 centi- 
meters from the anal margin. 

Postoperatively, the patient did nicely and began 
to have spontaneous semisolid stools on the fifth 
postoperative day. He was discharged on the thir- 
teenth postoperative day with the wound well 
healed and having soft but formed stools 3 times 
per day. 

About 10 days after his discharge from the hos- 
pital he failed to pass any stool and developed ab- 
dominal distention. He was proctoscoped at that 
time and although some narrowing was noted at the 
line of anastomosis, a No. 30 French catheter could 
be passed without difficulty. He was admitted to 
the hospital for observation and the rectal tube 
which had been inserted at proctoscopy was left 
inserted. He was given sitting up exercises to 
strengthen his abdominal muscles and instructed to 
go to the bathroom immediately after breakfast. 
He again started to have spontaneous bowel move- 
ments and after further observation for another 
week, during which time he had almost normally 
formed stools daily, it was felt that it would be safe 
to discharge the patient. Following his discharge 
from the hospital he did very nicely having spon- 
taneous bowel movements daily of almost normal 
caliber without further episodes of partial obstruc- 
tion. 
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a 

Fig. 6. a, Preoperative roentgenogram of patient D. N. 
The markedly enlarged left side of the colon obscures the 
remainder of the colon. At fluoroscopy, however, the right 
side of the colon showed good peristaltic waves. b, Roent- 


One year after operation, at further check-up, it 
was noted that he had gained approximately 22 
pounds in weight and had grown 6 inches. Post- 
operative roentgenogram showed a moderate degree 
of dilatation of the transverse colon but good 
peristaltic waves and emptying capacity (Fig. 5b). 


This 11 year old patient had a temporary 
but incomplete obstruction following surgery. 
His result must be classified as only good al- 
though since his incomplete bowel obstruction 
soon after surgery he has had no further diffi- 
culties and in the year following his operation 
he has gained 22 pounds and grown 6 inches. 
This is the only case in which we have anasto- 
mosed the left side of the transverse colon to 
the rectum. In the others the colon has been 
removed back to the right one third or to the 
ascending colon. Although haustral markings 
were present on the left side of the transverse 
colon in this patient, still the transection of 
the bowel was probably made too close to the 
functionally inactive left side of the colon and 
consequently the contractility of the distal 
portion of the residual colon probably was im- 
paired. If his difficulty continues, it is pro- 
posed to resect the transverse colon and 
anastomose the ascending colon to the rectum. 


D. N. was admitted to the University Hospitals 
on July 26, 1950 and discharged on August 29, 


b 
genogram 3 months postoperatively illustrates the extent 
and normal distensibility of the residual colon. c, Post- 
evacuation film, showing the excellent emptying ability of 
the residual bowel. 


1950. This 5 year old white male had a history of 
marked abdominal distention and failure to have 
spontaneous bowel movements since birth. He 
needed daily enemas to produce bowel evacuation 
and to control abdominal distention. 

Examination on admission revealed a well de- 
veloped, somewhat pale, young boy with a markedly 
protuberant abdomen. Peristaltic waves could be 
readily palpated. Roentgenograms of the colon 
showed marked distention of the sigmoid due to 
gaseous and fecal retention (Fig. 6a). After ade- 
quate preoperative preparation the patient was oper- 
ated upon on August 1, 1950 at which time the colon 
distal to the junction of the right one third and the 
left two thirds of the transverse colon to the upper 
levels of the rectum was removed. An anastomosis 
was then made between the transverse colon and the 
rectum at 8 centimeters from the anal skin. The 
narrowed area of the rectosigmoid area measures 
approximately 6 centimeters in length. Postoper- 
atively the patient’s progress was excellent and he 
was discharged from the hospital on the fourteenth 
postoperative day having 2 to 3 well formed soft 
stools per day. 

At a postoperative visit on November 15, 1950 
it was noted the patient had grown 2% inches and 
had gained 3 pounds since discharge from the hos- 
pital 3 months previously. He was having between 
3 and 5 semisolid stools spontaneously. A barium 
enema on November 16, 1950 revealed good con- 
tractility and evacuation of the remaining portion 
of the colon and lower ileum (Fig. 6b and c). 


This patient had an uncomplicated post- 
operative course and has had an excellent re- 
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Fig. 7. 


Postoperative roentgenograms of patient A.B., taken approximately 


3 months after resection of left side of colon and anastomosis of mid-transverse 
colon to the rectum. a, Sufficient barium has been given to distend the residual 
colon. b, Demonstrates the emptying capacity of the remaining large bowel. 


t in that he is having daily spontaneous 
vel movements and has grown about 214 
hes in a period of 3 months. 


\. B., a g year old white male, was admitted to 
University Hospitals on September 18, 1950 

| discharged on October 14, 1950. This patient 

e a history of marked constipation and inability 
have spontaneous bowel movements without the 

of enemas since birth. He had failed to grow and 

n in weight at a normal rate, although his mental 
velopment was good. Physical examination re- 
iled a small, thin, pale white boy about the size 

a § year old, with marked abdominal distention 

d flaring of the costal margin. Fecal filled masses 
thin loops of colon could be felt readily through 

e thin abdominal wall. Colon roentgenograms 
showed a markedly distended sigmoid colon (Fig. 1). 
After adequate preoperative preparation the pa- 
tient was operated upon on October 5, 1950 at 
which time a normal rectum and a narrowed seg- 
ment of sigmoid, 8 centimeters long, were found. 
Proximal to this there was marked dilatation and 
hypertrophy of the colon extending to about the 
middle portion of the rectum. Resection was per- 
formed without difficulty, and an anastomosis was 
then made between the rectum and the transverse 
colon at approximately 7 centimeters from the anal 
skin margin. Postoperatively, the patient did very 
nicely and was discharged on the ninth postopera- 
tive day having 3 soft but well formed stools per 
day. His postoperative progress has continued to 
be good with spontaneous stools daily and a def- 
inite improvement in his general health, appetite, 
and a weight gain of approximately 5 pounds. 


Postoperative barium enema revealed excellent fill- 
ing and emptying capacities of the residual colon 
segment (Fig. 7a and b). 


SUMMARY AND CONCLUSIONS 


1. Physiological studies of the colon, as 
determined by fluoroscopic and roentgeno- 
graphic examinations after the administration 
of a barium enema, in 15 patients with con- 
genital megacolon reveal: (a) a normal ap- 
pearing rectum; (b) a “narrowed” segment 
of the rectosigmoid and sigmoid portions of 
the colon of variable extent; (c) marked dila- 
tation and absence of peristaltic waves and 
normal haustral markings of the descending, 
sigmoid, and variable portions of the left side 
of the transverse colon; (d) active peristalsis 
and normal haustral markings of the cecum, 
ascending, and right side of the transverse 
colon. 

2. When the colon is exposed at laparotomy 
the differences between the right and left side 
of the colon are marked and correspond to the 
roentgenographic findings. 

3. A one stage transabdominal operative 
procedure is described in which the narrowed 
terminal segment of the sigmoid and portions 
of the colon showing no peristaltic activity 
roentgenographically are removed. The resi- 
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dual part of the large bowel (ascending and 
right side of the transverse colon) is then anas- 
tomosed to the upper portions of the rectum 
at a distance of 6 to 10 centimeters from the 
anal skin margin. 

4. The operation described has been done in 
16 patients without a death. Fifteen have had 
excellent results while the remaining patient 
has had to resort to enemas on several occa- 
sions since operation. The period of follow-up 
in these cases ranges from 6 to 36 months. 

5. The saving of the rectum is of impor- 
tance, because it eliminates the question of 
damage to the nervi erigentes which is a de- 
terrent to the wholehearted acceptance of 
these operative procedures in which the rec- 
tum is removed. 

6. This operative procedure has also been 
applied to 2 patients with megarectum and 
pseudomegacolon. Although both patients 
developed a leak at the line of anastomosis, 
necessitating proximal colostomies, subse- 
quently, when the colostomies were closed, 
they both developed daily spontaneous bowel 
movements. 


. SWENSON, O., NEUHOUSER, E. B. 
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THE TREATMENT OF CERTAIN CONGENITAL MAL- 
FORMATIONS OF THE HEART BY THE CREATION 
OF PULMONIC STENOSIS TO REDUCE PULMO- 
NARY HYPERTENSION AND EXCESSIVE 

PULMONARY BLOOD FLOW 


A Preliminary Report 


WILLIAM H. MULLER, JR., M.D., and J. FRANCIS DAMMANN, JR., M.D., 
Los Angeles, California 


“—SONSIDERABLE interest has been 
shown during recent years in patients 
with cardiac malformations charac- 

~~ terized by pulmonic stenosis. The 

atment of these patients has been to in- 
ase the pulmonary blood flow by both 

‘ect and indirect methods. It is our inten- 

n to discuss another group of congenital 

rdiac deformities to which little attention 

s been given in the past and to present a 

se of single ventricle without pulmonic sten- 

is in which pulmonic stenosis was pro- 

ced to reduce pulmonary hypertension 
aid excessive pulmonary blood flow. This 
cise is characteristic of a group of malfor- 
tations in which there is pulmonary hyper- 
tension and either excessive pulmonary blood 
flow or progressively increasing pulmonary 
vascular resistance and diminishing pulmo- 
nary blood flow. Functionally speaking, the 
term “single ventricle” best describes this 
group. Anatomically there may be a com- 
plete absence of the ventricular septum, as in 
a true single ventricle; or there may be single 
or multiple defects in the ventricular septum 
which vary in both size and location. These 
variations in anatomic structure do not alter 
the fact that the two ventricles function as 
one. Small ventricular defects which produce 
no significant alteration in hemodynamics 
should not be included in this group. 

From the Departments of Surgery and Pediatrics, School of 

Medicine, University of California at Los Angeles, and the St. 
John’s Hospital, Santa Monica, Calif. 
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Most previous attempts to correct such 
malformations have been directed toward the 
closure of the ventricular defect (2, 14). This 
is the ideal approach to the problem. How- 
ever, this approach will probably not be prac- 
tical until a satisfactory extracorporeal pump 
has been devised. In those cases in which the 
entire ventricular septum is absent, construc- 
tion of a ventricular septum may not be 
feasible even with the use of the extracor- 
poreal pump. We are presenting an approach 
which is not curative but which is directed 
toward altering the hemodynamics by de- 
creasing the pulmonary blood flow and in- 
creasing the systemic blood flow. This ap- 
proach may also prevent the occurrence of 
progressive changes in the pulmonary vascu- 
lar bed which are so frequently associated with 
prolonged and severe pulmonary hyperten- 
sion. 

Methods used to produce pulmonic stenosis 
in the experimental animal have previously 
been devised for the purpose of studying 
cardiovascular hemodynamics. Most of the 
early methods employed the application of a 
band or tape to constrict the main pulmonary 
artery (9, 11, 16). In most instances post- 
mortem examination of the animal showed 
some degree of erosion of the artery in the 
region of the constriction. Hufnagel and his 
associates recently occluded up to 80 per cent 
of the diameter of the main pulmonary artery 
by removing a segment of the vessel wall. 
This procedure was accomplished by means 
of an especially designed clamp. 
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In order to give mechanical support to the 
artery, Abbott wrapped reactive cellophane 
about the markedly dilated left pulmonary 
artery of a patient who had a large interauri- 
cular septal defect. Blalock (3) discussed the 
possibility of treating the Eisenmenger’s com- 
plex by artificially producing pulmonary sten- 
osis. However, he believed that in the pres- 
ence of severe constriction of the small pul- 
monary arteries found in this condition, re- 
duction in the size of the main pulmonary 
artery was of doubtful value. He narrowed 
the main pulmonary artery in 2 patients with 
pulmonary hypertension. However, they did 
not survive (4). Goldberg and his associates 
also discussed the possibility of treating 
Eisenmenger’s complex by producing pul- 
monary stenosis. However, they concluded 
that while it might lower the distal pulmonary 
artery pressure and protect the pulmonary 
arterioles, the strain on the right ventricle 
would be too great. Civin and Edwards sug- 
gested that surgically created pulmonary sten- 
osis might be beneficial for patients with 
Eisenmenger’s complex. They reported the 
case of a patient with “stenosis of the ostium 
infundibuli associated with biventricular ori- 
gin of the aorta” who died at the age of 47 
from carcinoma of the bladder. The minimal 
stenosis present in this patient permitted a 
sufficient pulmonary blood flow for adequate 
oxygenation and yet prevented pulmonary 
hypertension distal to the stenosis. This pa- 
tient represents an ideal balance between the 
average patient with tetralogy of Fallot and 
the patient with Eisenmenger’s complex. In 
the patient we are presenting we attempted to 
achieve such a balance. 


CASE REPORT 


The patient (L.B.) was first seen on May 31, 1951, 
at the age of 34 months. 

Past history and present illness. Pregnancy and 
delivery were both uneventful. His birth weight was 
6 pounds 13 ounces. He appeared perfectly normal 
at birth. In the first few days of life, however, it was 
noted that his breathing was continuously rapid, that 
he was orthopneic, that he had a constant dry 
cough, and that he would not nurse well. A murmur 
was first heard at this time. 

At 10 weeks of age he was admitted to a hospital 
because of failure to gain weight. He remained in 
the hospital 4 weeks without improvement. He was 
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then referred to us for diagnosis and treatment. At 
no time has the patient been observed to have efi. 
nite cyanosis. There were no episodes of paroxysmal 
dyspnea or loss of consciousness. The family hisiory 
was essentially negative. 

Physical examination. The patient’s weight «vas 
8 pounds 4 ounces; the pulse rate 140 per minute; 
and the respiratory rate 40 per minute. The blood 
pressure was not obtained. He appeared undei:le- 
veloped, undernourished, and chronically ill. No 
definite cyanosis was present even when he cried 
hard. His skin was pale and parchment-like in tex. 
ture. There was an almost complete absence of sub- 
cutaneous fat. Respirations were rapid and grunt- 
ing, and he was orthopneic. Brachial and femoral 
artery pulsations were weak but equal. The maxi- 
mal apical impulse was felt in the fifth and sixth left 
intercostal space in the anterior axillary line. The 
impulse was diffuse, and strong pulsations could be 
felt in the subxyphoid area. There was a rough sys- 
tolic thrill accompanied by a long, loud, harsh sys- 
tolic murmur maximal in the third and fourth left 
intercostal space close to the sternum. The second 
heart sound at the base was accentuated and split, 
A diastolic gallop rhythm was heard at the apex. 
Moist rales were heard at the base of the lungs. The 
liver edge was 3 centimeters below the right costal 
margin; it was firm but not pulsatile. Pitting edema 
was absent. 

Roentgenographic examination. The cardiothoracic 
ratio was 64 per cent. Both auricles were enlarged. 
The apex of the heart was displaced downward and 
outward but did not extend far posteriorly in the left 
anterior oblique position. No interventricular groove 
could be seen. The lung fields appeared extremely 
vascular, and vigorous pulsations were seen. In con- 
trast, the main pulmonary artery segment viewed in 
the anteroposterior position was only slightly convex 
(Fig. 1). On rotation of the patient into the right 
anterior oblique position, the main pulmonary artery 
became more prominent. These findings suggested 
that the pulmonary artery was displaced to the 
right and anteriorly. The arch of the aorta was not 
visualized. 

Electrocardiographic examination. A deep S wave 
was present in all the standard leads with notching 
in lead II and an S’ in lead III. The P wave in lead 
II was tall. The QRS in V; and V2 was M shaped 
with prolongation of the intrinsicoid deflection of R 
in V;. The findings suggested right ventricular 
hypertrophy or an incomplete right bundle branch 
block. 

Laboratory studies. The red blood cell count was 
3.16 million, and the hemoglobin was 11.8 grams. 

Diagnosis. The evidence of a poor periphera! sys- 
temic circulation and of a larger pulmonary blood 
flow suggested the presence of a large left to right 
shunt. The bizarre electrocardiogram and the dis- 
placed large pulmonary artery made the diagnosis of 
a single ventricle without pulmonary stenosis the 
most likely one. A large patent ductus arteriosus or 
aortic septal defect could not be conclusively ruled 














At 


ial 
ry 


as 


Lv, 
od 
le- 
sf) 
ed 
b- 
it- 
ral 
xi- 


as 
yS- 


ht 


is- 


he 
or 








MULLER Et at.: TREATMENT OF CONGENITAL MALFORMATIONS OF HEART r5 


out but seemed unlikely. Cardiac catheterization or 
intravascular radio-opaque studies might have con- 
firmed the diagnosis but were not attempted because 
o! the size and age of the patient and the severity of 
h’- condition. 


TREATMENT 


Preoperative course. The patient was given 
2 otal of 375 milligrams of digalen over a 5 
« y period before showing signs of toxicity. 
‘ye maintenance dose was 20 milligrams 
« ily. On this regimen his heart and liver 
« creased in size, his breathing became easier, 
d his appetite improved. His weight in- 
ased to 8 pounds 10 ounces. Two days fol- 
‘ing discharge the patient returned to the 
spital with signs of increased cardiac failure. 
spite intensive medical therapy, he failed 
t show improvement. It seemed apparent 
it his outlook was hopeless unless some- 
ng could be done to alter the excessive pul- 
mary blood flow. An attempt to reduce the 
lmonary blood flow by creating pulmonic 
nosis seemed justified. On July 11, 1951, 
s ch a procedure was carried out. 
)peration. Atropine and morphine were 
ministered preoperatively. The patient 
.s placed in the supine position, and the 
est was entered through an incision in the 
t anterior second intercostal space. The 
ricardium was incised longitudinally over 
e course of the main pulmonary artery. The 
ilmonary artery was very large and arose 
iterior and somewhat to the right of the 
rmal position. The aorta was much smaller 
| caliber and arose posteriorly (Fig. 2). The 
ressure within the pulmonary artery ap- 
peared to be high. No definite rudimentary 
outlet chamber could be seen on the external 
examination of the heart; however, the muscle 
fibers seemed to run in a somewhat abnormal 
fashion, and what is normally the conus por- 
tion of the right ventricle seemed to lie directly 
to the left of the origin of the pulmonary 
artery. The pericardial reflexion, overlying 
the aorta and the pulmonary artery, was in- 
cised over the junction of these two struc- 
tures. The dissection between them was 
begun at the most distal portion of the main 
pulmonary artery because the plane for dis- 
section is most easily identified in this region. 
A definite space between the pulmonary artery 
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Fig. 1. Anteroposterior view of the chest demonstrating 
the cardiac enlargement, the moderately prominent main 
pulmonary artery segment, and extremely vascular lung 


fields. 


and aorta facilitated dissection between these 
structures. After the dissection of the pul- 
monary artery was completed (Fig. 3), it was 
partially occluded to about one third of its 
diameter by means of a U-shaped clamp which 
we made for this purpose. A continuous run- 
ning suture was placed through the section 
of arterial wall which was occluded in the 
U portion of the clamp. The wedge of artery 
was then excised and the cut edge oversewn 
with a continuous suture while it was still 
held in the clamp (Fig. 4). Following removal 
of the clamp another continuous suture was 
placed along the cut edge. Blood which leaked 
from the suture line was bright red in color 
and appeared to be fully oxygenated. A band 
I centimeter wide composed of several layers 
of polyethylene film sutured over umbilical 
tape was passed about the narrowed area of 
the pulmonary artery and sutured in place 
(Fig. 5). A systolic thrill of marked intensity 
could be felt in the pulmonary artery distal 
to the point of stricture. Penicillin and 
streptomycin were placed in the region of the 
stenosis. A catheter from the chest to a water 
sealed bottle provided adequate drainage. 
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Incision in 
2na Interspace 


Fig. 2. Operative exposure through left anterolateral 
second intercostal space, showing greatly enlarged pul- 
monary artery and small aorta. Note space between pul- 
monary artery and aorta. 


The condition at the end of the operation was 
good. 

Postoperative course and case comment. For 
the first few days after operation the balance 
between cardiac compensation and decom- 
pensation was critical. Small transfusions 
were enough to initiate acute pulmonary 
edema. After 20 days the patient began to 


gain weight steadily, averaging 114 ounces 
daily. Three months after operation digitalis 
was discontinued. 

At present, 6 months following surgery, the 
patient presents a favorable picture. He is an 
alert, active, happy, hungry infant, growing 


Fig. 3. Drawing demonstrating mobilization of the main 
pulmonary artery. 


and developing more normally. His color is 
excellent. Peripheral pulses are good and 
much stronger than they were prior to opera- 
tion. There is no change in heart size and no 
change in the murmurs audible over the pre- 
cordium. The chest is clear. The liver is not 
enlarged. There is no evidence of cardiac 
decompensation. Blood count is within nor- 
mal limits. Roentgenograms of the chest re- 
veal no significant change. 

Good laboratory evidence of improvement 
from surgery is lacking since cardiac cathe- 
terization was not carried out. However, 
several clinical points deserve emphasis. Prior 
to surgery the patient was in extreme cardiac 
decompensation with orthopnea, dyspnea, 
pulmonary edema, hepatomegaly, and x-ray 
evidence of congestion requiring large doses of 
digitalis. Since surgery digitalis has been dis- 
continued, and the child no longer shows signs 
or symptoms of cardiac decompensation. Prior 
to surgery he failed to eat well, did not gain 
weight, was inactive and uninterested in his 
surroundings. Since surgery these symptoms 
are not present. These points are hard to 
assess accurately since they are qualitative 
rather than quantitative. It is our distinct 
impression, however, that this patient has 
been definitely benefited by this operation. 


DISCUSSION 


The intimate union of the systemic and 
pulmonary circulations, under consideration 
in this paper, requires a physiologic rather 
than an anatomic classification. This union 
occurs in the ventricles in instances of single 
ventricle or may take place through a large 
ventricular septal defect, or it may exist be- 
cause the aorta and pulmonary artery arise 
from the heart as a common vessel as in true 
truncus arteriosus. Finally, the union may 
exist because there is a large defect between 
the aorta and the pulmonary artery at the 
base of the heart—a defect so large that the 
great vessels act as one. 

Edwards has defined this group as one “in 
which there is a common ejectile force for 
blood in the pulmonary and systemic circula- 
tions.” Selzer has suggested the term “double 
outlet ventricle.” By strict definition Selzer’s 
term could not apply to a true truncus arte- 
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iosus in which large pulmonary arteries 
ise- from the aorta rather than from the 
art. Edwards’ concept of a common ejec- 
‘e force more adequately covers the ana- 
nic differences. 

When one considers the effect on the two 
- culations if they are intimately joined as in 
, single ventricle, it is apparent that the 
s stolic pressure in the two circulations must 

equal. Normally, the vascular,resistance 
blood flow is low in the pulmonary circula- 
n and high in the systemic circulation. 
us, in the presence of a single ventricle, one 
uld expect nearly all of the blood to pass to 
: circulation of low resistance, i.e., the pul- 
mary circulation. This would not be com- 
tible with life. It has been proposed by 
vin and Edwards, and borne out by our own 
servations, that the pulmonary vascular re- 
cance which is high at birth is retained into 
» postnatal period in instances of single 
itricle, and that this high pulmonary vascu- 
resistance prevents an excessive pulmonary 
od flow. The mechanism by which this high 
lmonary resistance is maintained is not 
derstood. ; 

Signs and symptoms caused by this group of 

ilformations of the heart will depend basi- 

ily upon the balance existing between the 
}ilmonary and systemic circulations. In 
ii. stances of progressive pulmonary resistance 
aiid diminishing pulmonary blood flow the 
symptoms will be increasing exertional dysp- 
jea, cyanosis, and decreasing exercise toler- 
uce. Except for the history of a relatively 
ormal infancy and early childhood, patients 
with this syndrome will resemble very closely 
patients with the tetralogy of Fallot. Indeed 
the resemblance goes even further, for both 
have a stenosis of the pulmonary circulation. 
In the one the stenosis exists in the outflow 
tract of the right ventricle, and in the other it 
exists in the small radicles of the pulmonary 
arteries well out in the lung fields. The result 
in both situations is a decrease in pulmonary 
blood flow. 

In instances in which pulmonary resistance 
falls, the symptoms and signs produced are 
primarily those of cardiac failure. Poor 
weight gain, poor nutrition, evidence of inade- 
quate circulation to the body, and dyspnea 


" 


Fig. 4. The partial occluding clamp has been applied to 
the main pulmonary artery, and the segment of artery 
within the clamp has been excised. A continuous mattress 
suture has been placed through the artery along the border 
of the clamps and the cut edge is being oversewn. 


without cyanosis are outstanding symptoms. 
On physical examination the heart is found to 
be large. A systolic murmur may or may not 
be present. The second sound over the base 
of the heart is accentuated and frequently 
split. Rales may be present at both bases, and 
the liver is enlarged. Peripheral pulsations are 
poor. Fluoroscopy and roentgenograms show 
increased vascularity of the lung fields. A 
hilar dance is usually present and there is 
often evidence of passive congestion of the 
lungs. All chambers of the heart appear en- 
larged. The aorta is visualized poorly, ap- 
pears small and relatively quiet. The main 
pulmonary artery and its branches are large 


Fig. 5. The pulmonary artery has been narrowed to 
approximately % of its original diameter. Insert shows 
reactive polyethylene tape sutured in place around the 
narrowed area in the main pulmonary artery. 
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and hyperactive. The marked discrepancy 
between the vascular-appearing lung fields, 
the large overactive heart, and the small quiet 
aorta and poor peripheral pulsations indicate 
that one is dealing with an increased pul- 
monary blood flow and a small systemic blood 
flow. This discrepancy was very obvious in 
the patient we have presented. 

In certain malformations of the heart be- 
longing to this group, corrective procedures 
are possible. A large patent ductus arteriosus, 
one that approximates the aorta in size, should 
be included in this classification (7). Such a 
ductus can be surgically closed. It is pos- 
sible that aortic septal defects can be closed. 
Recently a good deal of attention has been 
paid to the possibility of closing ventricular 
septal defects. This has been done in a few 
instances as reported by Murray and Bailey 
(2, 14). It is apparent that when corrective 
procedures are possible and practical, they 
should be attempted. However, when there 
is a complete absence of a ventricular septum 
as in a single ventricle, it seems unlikely that 
corrective procedures will apply, even when 
an extracorporeal pump has been fully de- 
veloped. Theoretically it should be possible 
to place an impediment to the flow of blood 
to the lungs that would on the one hand pre- 
vent excessive pulmonary blood flow and 
cardiac decompensation and on the other 
hand prevent the pulmonary vascular changes 
that lead to excessive pulmonary resistance 
and a progressive decrease in pulmonary 
blood flow. Prior to surgery on this patient 
several aspects of the problem were con- 
sidered, such as the best method for creating 
pulmonary stenosis, the degree of pulmonary 
stenosis necessary to produce the desired de- 
crease in the pulmonary blood flow, and 
whether or not the patient would tolerate a 
procedure of this magnitude. It seemed in- 
advisable to attempt to narrow the muscu- 
lature of the outflow tract of the right ven- 
tricle or to attack the valve directly. We be- 
lieved that merely wedging the pulmonary 
artery would result in later dilatation at the 
point of constriction and thus decided that a 
method of wedging and banding might be 
preferable. Clatworthy and his associates had 
used such a procedure in the production of 
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coarctation of the aorta. A series of opera- 
tions which employed this principle was car- 
ried out in dogs, and the method appeared 
to be a practical one for producing pulmon- 
ary stenosis. The question of whether pul- 
monary stenosis to the degree which could be 
tolerated at operation would be adequate to 
reduce the blood flow sufficiently was con- 
sidered. It seemed likely, however, that the 
continued sclerosing action of the reactive 
polyethylene might result in an even greater 
degree of stenosis over a period of time. 
Mann and his associates found that the blood 
flow through a large vessel was reduced 44.5 
to 49 per cent when the diameter of the vessel 
was decreased 67 per cent. It was decided 
that a reduction of the pulmonary blood flow 
of about 50 per cent would be necessary to 
be of benefit to our patient and it was thus 
planned to decrease the size of the artery to 
about one third of its original diameter. We 
felt that if cardiac contractions became poor 
during the operation, one of the first things 
to be done was to occlude the main pulmonary 
artery partially and thus attempt to produce 
a greater systemic and coronary artery blood 
flow. Shortly after dissection was begun on 
the main pulmonary artery the heart slowed, 
and the contractions became weaker. How- 
ever, when a clamp was applied which par- 
tially occluded the main pulmonary artery, 
the contractions became much more vigorous 
and the rate increased. Cardiac action re- 
mained good during the remainder of the 
procedure. 

As the infant grows, the degree of constric- 
tion of the pulmonary artery may become 
too great to be compatible with life. In this 
event it may become necessary to create an 
artificial ductus to supply an additional 
amount of blood to the lungs. 


SUMMARY 


The group of cardiac malformations which 
includes single ventricle without pulmonary 
stenosis, the Eisenmenger’s complex, large 
ventricular septal defects, and true truncus 
arteriosus may be said to function physiologi- 
cally as a single ventricle. 

Because of the large communication be- 
tween the two circulations in this group, there 
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ypertension in the pulmonary artery, ac- 
panied frequently by excessive pulmon- 
blood flow which may result in heart 
ire. Surgical repair or correction is the 
‘al approach to the treatment of these 
irmities but is not feasible at the present 
.. Another approach is aimed at reducing 
aonary hypertension and pulmonary blood 
by creating pulmonary stenosis. While 
approach is not curative, theoretically it 
ild result in a more efficient circulation; 
changes which appear to take place in 
pulmonary arteries in the presence of long 
ding pulmonary hypertension may be 
vented. 
ulmonary stenosis was produced in a 4 
ith old infant who had a single ventricle 
1out pulmonary stenosis and who was in 
stant heart failure. The method.,which 
used to produce pulmonic stenosis by 
oving a segment of the wall of the pul- 
iary artery and placing a band of reactive 
yethylene about the area is described. He 
benefited by this procedure. 
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CARCINOMA OF THE RECTUM IN THE FEMALE 


Effect of Vaginal Invasion on Prognosis 


CHARLES D. KNIGHT, M.D., JOHN M. WAUGH, M.D., and 
MALCOLM B. DOCKERTY, M.D., Rochester, Minnesota 


HE occurrence of vaginal extension 

of carcinoma of the rectum has long 

been appreciated. After Macken- 

rodt’s original observation of this 
complication, he said, ‘The close association 
of the rectum with the vagina and parame- 
trium, the impossibility of anatomical separa- 
tion of the lateral paraproctium from the 
parametrium, the frequency of recurrence in 
the parametrium which I have seen following 
extirpation of the rectum alone, are the rea- 
sons why I no longer remove a cancerous rec- 
tum without the vagina together with the 
parametrium and uterus and the whole Doug- 
las’ sac.”’ In 1908 Lusk agreed with these con- 
clusions so far as the surgical treatment of 
carcinomas involving the anterior rectal wall 
in women is concerned. Today, on the other 
hand, this opinion is shared by very few sur- 
geons; yet the prognostic implications of le- 
sions involving the anterior quadrant of the 
rectum are well known. Goligher, in fact, 
pointed out that they have only about half 
the operability of lesions located posteriorly, 
the difference in females not being as great as 
in males. In a series of inoperable lesions 
studied by Goligher in which local fixation 
was the sole or one of the causes of inoperabil- 
ity, two thirds of the neoplasms exhibited 
anterior fixation. The preponderance of ante- 
rior fixation was accounted for by the proxim- 
ity of viscera to the anterior portion of the 
rectum. 

Cognizance of these facts and a clinical im- 
pression that among females anteriorly lo- 
cated rectal carcinomas are associated with 
a poor prognosis, led to the present study. 


From the Department of Surgery, Mayo Foundation, Univer- 
sity of Minnesota, and the Divisions of Surgery and Surgical 
Pathology, Mayo Clinic. 

Abridgment of thesis submitted by Dr. Knight to the Faculty 
of the Graduate School of the University of Minnesota in partial 
fulfillment of the requirements for the degree of Master of 
Science in Surgery. 


The purpose of the study was to determine: 
(1) whether or not prognosis and operative 
mortality rates justify removal of the poste- 
rior vaginal wall when it is adherent to a carci- 
nomatous rectum; (2) the actual incidence of 
invasion by carcinoma in a vagina which is 
grossly adherent to a rectal malignant process, 
and the influence of invasion on prognosis; and 
(3) the prognosis associated with carcinoma of 
the anterior rectal wall without fixation or in- 
volvement of the vagina. 


MATERIALS AND METHODS 


Two separate series of cases were studied. 
They were designated series 1 and series 2. 

Series 1. Series 1 embodied a study of the 
records of all female patients seen at the 
Mayo Clinic from 1907 through 1949 for whom 
the diagnosis of adenocarcinoma of the rectum 
had been made and who at the time of ab- 
dominoperineal resection were found to have 
vaginal involvement necessitating coincident 
resection of a portion of the vagina. Fifty- 
seven acceptable cases of this nature were 
found. The clinical data were recorded and 
pathologic studies were carried out on the 57 
surgical specimens which had been preserved 
in a 10 per cent solution of formalin. Blocks of 
tissue were cut so that they would include 
sections (1) through the tumor, to permit de- 
termination of its grade and degree of mural 
penetration and (2) through the vagina, so 
that the nature of the contact attachment of 
the vagina with the rectum could be ascer- 
tained. All lymph nodes found were exam- 
ined. Frozen and paraffin sections of the 
blocks of tissue were made and all sections 
were stained in the usual manner with hema- 
toxylin and eosin. 

Each tumor was graded according to Brod- 
ers’ method, and was typed by a modification 
of Dukes’ (7) classification. The modification 
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ig. 1. Pathologic specimen obtained at abdominoperi- 
n. | resection, showing fistulous opening presenting on the 
p: terior vaginal mucous membrane. 


is as follows: type A, growth limited to 
nicosa only; type B, growth penetrating 
nuscularis propria; type C, associated in- 
volvement of lymph nodes. 

Che attachment of the vagina to the rectum 
was carefully studied microscopically and the 
nature of the attachment was recorded. The 
vagina was considered to be involved if carci- 
noma was found within 3 millimeters of the 
vaginal mucous membrane. 

Series 2. Series 2 comprised 115 cases in 
which rectal malignant processes (adenocarci- 
nomas) in females had been removed at the 
Mayo Clinic from 1936 through 1944. These 
I15 cases constituted those, selected from all 
cases of malignant rectal lesions in females re- 
corded in those years, in which the rectal le- 
sion was situated between 2 and to centi- 
meters cephalad to the dentate line, and in 
which the tumor was annular or involved the 
anterior quadrant of the rectum. No cases in 
which there was vaginal involvement were in- 
cluded in this group. These 115 cases were 
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Fig. 2. Probe e:.tending through a malignant recto- 
vaginal fistula. Such a fistula is an ominous complication 
of carcinoma of the rectum. 


carefully studied so they would serve as a 
control series for comparison with series 1. 


RESULTS 

Series 1. Carcinoma of the rectum with vagi- 
nal involvement, carcinomatous or inflamma- 
tory. Clinical findings.—The average age of 
the 57 patients in this series was 52.3 years; 
the range was from 33 to 79 years. The aver- 
age duration of symptoms was 10.3 months. 
Rectal bleeding was the predominant symp- 
tom; it was noted in 49 of 57 cases. The sec- 
ond most common symptom was rectal pain 
or painful defecation, which was noted in 
19 cases. Diarrhea and loss of weight each 
affected 14 patients. Constipation was less 
common, being present in only 11 cases. 

The rectal lesion was felt on digital exami- 
nation in all cases in this series, but in only 32 
patients was the examiner able to determine 
by palpation that the lesion had involved the 
posterior vaginal wall. In 8 of these 32 cases, a 
rectovaginal fistula was found. The average 
duration of symptoms in the patients who had 
clinical involvement of the vagina was 12.2 
months, in contrast to 7.9 months in those pa- 
tients without clinical evidence of vaginal 
involvement. 

At operation the condition of only 7 patients 
in this group was such as to exclude possible 
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Fig. 3. a, A grade 2 adenocarcinoma of the rectum 
ulcerating the vaginal mucous membrane (hematoxylin 
and eosin; X34); b, a grade 4 adenocarcinoma of the rec- 
tum extending into the vaginal wall without ulceration of 
the vaginal mucosa (hematoxylin and eosin; X35). 


cure. Three of these had metastatic carci- 
noma in inguinal lymph nodes, 2 had carci- 
nomatous nodules in the liver, and in 2 others 
the tumor had extended to such extent that 
the surgeon could not remove all malignant 
tissue. In 4 cases the surgical procedures in- 
cluded hysterectomy and adnexal resection 
because of uterine involvement. One patient 
also had metastatic carcinoma in the ovaries. 

Pathologic findings.—Of 57 gross surgical 
specimens examined, 16 presented annular le- 
sions of the rectum, while 41 did not. In 10 
specimens there were perforating lesions; in 8 
there were rectovaginal fistulas (Figs. 1 and 2); 
in 2 there was gross vaginal ulceration without 
fistulas. 

Thirty-seven specimens exhibited metas- 
tatic involvement of lymph nodes proved by 


microscopic examination. In 3 of the patients 
concerned in these 37 specimens the inguinal 
lymph nodes also contained malignant cells, 
as proved by biopsy. These were type C ‘e- 
sions as classified according to Dukes, while 
the remaining 20 specimens (of the total of 57) 
were confirmed as type B lesions with extra- 
rectal extension. 

Vaginal invasion by carcinoma (within 3 
mm. of the mucous membrane) was found in 
37 cases (Fig. 3a and b). The remaining sec- 
tions showed inflammatory involvement of the 
vagina of a variable degree (Fig. 4). Two of 
the 8 rectovaginal fistulas proved to be inflam- 
matory; the other 6 were lined by malignant 
cells. Of the 4 cases in which extension of the 
malignant process required removal of organs 
other than the posterior vaginal wall, 3 were 
ones in which microscopic carcinoma was 
found invading the uterus. Ovarian involve- 
ment was also confirmed in 1 case. 

Prognosis.—Since the 57 cases in series 1 
included all cases from 1907 through 1949 in 
which carcinoma of the rectum had been 
treated surgically, with associated excision of 
the vaginal wall, those patients who were oper- 
ated on after 1944 were excluded from 5 year 
survival studies. These numbered 12, and 
will be considered secondarily. There were 2 
hospital deaths in the period 1907 through 
1944 and 2 other patients were not traced for 
5 years, and hence also were excluded. Forty- 
one patients remained to form the basis of 
computation of the 5 year survival rates. 

There were 3 hospital deaths among the 57 
patients, or an operative mortality of 5.3 per 
cent. 

Of the 41 traced patients, 11 (26.8 per cent) 
lived 5 years or longer. Three of these 11 pa- 
tients lived for 30, 20, and 18 years, respec- 
tively. Of the 11 who survived for 5 years or 
more, 4 had involvement of lymph nodes (type 
C); the remaining 7 exhibited type B lesions. 
This results in a 5 year survival rate, for type 
B lesions in series 1, of 43.8 per cent, and a 5 
year survival rate for type C lesions of 16.0 
per cent. 

A study of the character of the vaginal in- 
volvement among the 41 traced patients re- 
vealed that 25 had actual carcinomatous in- 
vasion of the vagina, whereas 16 exhibited 
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only inflammatory fixation. Of the 25 patients 
who had actual vaginal invasion, 6 lived 5 
years (24.0 per cent). In the 16 patients who 
he | inflammatory fixation, 5 lived 5 years 
(:\.2 per cent). Among the 6 patients whose 
le ons demonstrated microscopically proved 
inal spread and proved involvement of 
, ph nodes, only 1 survived for 5 years. 
‘en of the 41 traced patients had annular 
inomas; of these 10, only 1 lived 5 years. 
the 31 patients whose rectal lesions were 
‘ated anteriorly, 10 lived more than 5 
rs. 
oth of the 2 patients who were untraced 
‘e living when last heard from; 1 of them 
| lived 50 months. 

Xeview of the 12 patients operated on since 

.4 showed that 4 were living when last 

ced. Two of these had lived 52 and 36 

mths. Eight of these 12 patients were 

id at the time of writing, but 3 lived more 

n 1% years. One died while in the hospital. 

since the number of traced patients in 

ies 1 operated on before 1945 is small (41 

tients), and since the results of surgical 

atment of widespread carcinoma frequently 
a reported as 3 year survival rates, 3 year 
s rvival rates were calculated for the group 
patients operated on prior to 1947. These 
tients numbered 50, of whom 1 was un- 

iced. Of 49 traced patients, 19 lived for 3 
years or longer (38.8 per cent). 

In the group of 8 patients who had recto- 

iginal fistulas, the 6 whose fistulas were due 

0 malignant processes had a poor prognosis. 
)ne lived 3 years; the others lived less than 2 
years. The fate of the 2 patients with inflam- 
matory fistulas was more encouraging. One 
was living at the end of 6 years and the other 
was living when last traced at 52 months after 
operation. 

The 2 patients in this series who had metas- 
tasis to the liver at the time of operation lived 
3 and 18 months. The 3 patients with malig- 
nant invasion of inguinal lymph nodes as 
proved by biopsy lived 33, 17, and 9 months 
alter operation; all died of the disease. Al- 
though surgical intervention in these groups 
was purely palliative, the groups are included 
in survival calculations because the total 
series is small. 


Fig. 4. Ulceration of the vaginal mucous membrane 
associated with marked inflammatory reaction. No actual 
carcinomatous invasion of the vagina was found (hema- 


toxylin and eosin; X42). 


Series 2. Annular carcinoma or carcinoma of 
the anterior part of the rectum alone, both without 
vaginal involvement. Clinical and pathologic 
findings.—The average age of patients in this 
series of 115 patients was 50.5 years, the range 
being from 25 to 75 years. The average dura- 
tion of symptoms was 11.2 months. Rectal 
bleeding, the chief symptom, was noted in 100 
of 115 cases. Sixty-two patients reported 
some change in bowel habits. Other rectal 
symptoms occurred less frequently. 

These patients were treated by abdomino- 
perineal resection performed in one stage or 
two stages. Distant metastasis was not noted. 
No tumor grossly visible remained after 
operation. 

Fifty-eight of the rectal malignant proc- 
esses in this group were annular; 57 involved 
chiefly the anterior rectal wall. Forty-eight 
specimens had been associated with metas- 
tatic involvement of lymph nodes (type C 
lesions). In the remaining 67 cases the lesions 
consisted of 12 type A and 55 type B. 

Prognosis.—There were 6 hospital deaths 
among the 115 patients in series 2, or an oper- 
ative mortality rate of 5.2 per cent (Table I). 
The other 109 patients were traced. Sixty- 
nine patients lived 5 years or longer (63.3 per 
cent). Percentages pertaining to these sur- 
vivals according to type of lesion in both 
series 1 and series 2 are shown in Table II. 

The difference in survival rates between 
patients who had annular lesions and those 
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TABLE I.—COMPARISON OF PATIENTS WITH 
CARCINOMA OF THE RECTUM WITH VAGINAL 
INVOLVEMENT AND PATIENTS WITH ANNU- 
LAR CARCINOMA OF THE RECTUM OR CARCI- 
NOMA OF THE ANTERIOR RECTUM ALONE, 

BOTH WITHOUT VAGINAL INVOLVEMENT 








Series 1 Series 2 





With vaginal 
involvement 
(57 patients) 


Without vaginal 
involvement 
(115 patients) 


Clinicopathologic factors 





Average age, years 52.3 50.5 





Average duration of symptoms, 


months 10.3 Ir.2 





Commonest symptom and fre-} Rectal bleeding, 
quency, per cent 5 


Rectal bleeding, 
86 





Annular lesions, frequency, per 
cent 28 





Distribution of lesions (modified ° 
Dukes’ classification), per cent 35.1 
64.9 











Hospital mortality rate, per cent .3 





who had lesions centered primarily on the 
anterior rectal wall seems significant in this 
series. Twenty-seven of 53 patients who had 
annular lesions (series 2) lived 5 years (50.9 
per cent), whereas 42 of the 56 patients with 
anteriorly located lesions (also series 2) sur- 
vived (75.0 per cent). 

The 3 year survivals for series 2 were calcu- 
lated for purposes of comparison with series 1. 
The overall 3 year survival rate was 73.4 per 
cent, an increase of only 10.1 per cent over the 
5 year rate of 63.3 per cent in the same series. 
The comparison with 3 year rates according to 
types of lesions is seen in Table II. 


COMMENT 


There is little difference between the clinical 
findings in series 2 (carcinomas of the anterior 
rectal wall without vaginal involvement) and 
other reported series of rectal carcinomas. A 
comparison of duration of symptoms and ex- 
tension of malignancy in this series shows 
agreement with results reached by authors 
who state that the symptoms of far-advanced 
or inoperable lesions are not necessarily of 
longer duration. Symptoms caused by those 
lesions accompanied by involvement of lymph 
nodes had an average duration of 10.6 months, 
in contrast with a duration of 11.7 months for 
those symptoms of lesions not accompanied 
by lymphatic extension. 
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Data concerning the survivals in series 2 
also are similar to data concerning the same 
factors as reported in the recent literature. Of 
these 109 patients, 33.3 per cent who had in- 
volvement of lymph nodes lived 5 years or 
more. In 1949 Dukes (8) reported that the 
5 year survival rate among 359 patients who 
had involvement of lymph nodes treated be- 
fore 1941 was 26.2 per cent. Moreover, in a 
recent report, David and Gilchrist recorded a 
5 year survival rate of 37 per cent in cases of 
extraperitoneal carcinoma of the rectum in 
which lymph nodes were involved. Eighty- 
four and four-tenths per cent of the patients 
in series 2 who did not have involvement of 
lymph nodes lived 5 years. Dukes (8) re- 
ported a 5 year survival rate of 68.1 per cent 
among patients who did not have involve- 
ment of lymph nodes, and David and Gil- 
christ, in similar cases, reported rates ranging 
from 74 to go per cent. 

The annular and nonannular lesions were 
evenly divided in series 2, but there was con- 
siderable difference in the prognosis for the 
patients in the two groups. Seventy-five per 
cent of the patients who had nonannular le- 
sions lived 5 years or more, but only 50.9 per 
cent of those who had annular lesions sur- 
vived. These figures quite agree with those of 
Grinnell, who reported that 70 per cent of pa- 
tients with nonannular lesions survived and 
that 47 per cent of patients with annular 
lesions survived in similar groups of cases. 

Thus, it seems apparent that an operable 
rectal lesion confined to or involving the ante- 
rior quadrant in a female patient has essen- 
tially the same prognosis as reported in other 
surgical series of rectal carcinomas located at 
the same level. 

A review of the pertinent clinical findings 
among the 57 patients who had carcinoma of 
the rectum with vaginal involvement (series 
1) reveals no significant deviation from the 
findings in other series of rectal carcinoma in 
the literature or from the findings in series 2, 
reported herein. Contrary to what. might be 
expected, the average duration of symptoms 
for the more advanced lesions in series 1 actu- 
ally was shorter (10.3 months) than that 
(11.2 months) calculated for lesions of the 
anterior rectal wall in series 2. 
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in series 1 there were 32 cases in which 
inal involvement or fixation had been 
id clinically. In the same series, micro- 
ically proved carcinomatous invasion of 
vagina was found 37 times. Comparison 
‘he clinical findings with the pathologic 
ings revealed that: (1) of 32 patients 
se clinical examinations had suggested in- 
on of the vagina, only 21 were found to 
» actual microscopic invasion; (2) of 25 
ents whose physical examinations had not 
‘ested vaginal involvement, 16 were found 
ave microscopic carcinomatous invasion. 
ince carcinoma actually was invading the 
na in two thirds of the cases in which the 
ical examination did not reveal such in- 
on as well as the cases in which clinical 
nination did reveal such invasion, physical 
nination seems to give inconclusive infor- 
jon concerning the local extent of the 
ignant process. Apparently this is true 
1 in the presence of a rectovaginal fistula, 
iuse only 6 of 8 such fistulas encountered 
his series had been caused by malignant 
cesses. The other 2 were of inflammatory 
‘in and were associated with rectal car- 
ymas. 
sargen and Larson have stressed the fact 
t fixation or adherence of the rectum to 
r-by structures is not a surgical contraindi- 
ion, because in most instances the attach- 
ment is inflammatory in nature. Ackerman 
and Regato, however, stated that although it 
frequently is not possible to determine at 
operation whether the fixation is neoplastic or 
inflammatory, thorough histologic investiga- 
tion often will reveal the presence of carci- 
noma in the areas of inflammation. 

The actual incidence of invasion by carci- 
noma in the vagina which is grossly adherent 
to a rectal malignant process proved to be 
64.9 per cent in this series. This is similar to 
what was reported in Sugarbaker’s series, in 
which malignant vaginal invasion coincidental 
to fixation by carcinoma of the rectum was 
found in 10 of 16 cases, when the vagina was 
removed. Examination of the 34 operative 
specimens in Goligher’s series, in which adja- 
cent viscera were excised along with the rec- 
tum, disclosed malignant invasion in only 12 
cases. Taylor studied 59 cases of carcinoma 
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TABLE II.—SURVIVAL RATES, ACCORDING TO 
DUKES’ CLASSIFICATION, PATIENTS WITH 
CARCINOMA OF THE RECTUM WITH VAGINAL 
INVOLVEMENT (SERIES 1), AND PATIENTS 
WITH ANNULAR CARCINOMA OF THE REC- 
TUM OR CARCINOMA OF THE ANTERIOR REC- 
TUM ALONE, BOTH WITHOUT VAGINAL IN- 
VOLVEMENT (SERIES 2) 








Lived 3 or 

more years more years 

after opera- after 
tion operation 


Lived 5 or 


Patients, No. Patients, No. 


Series 





Num-| Per Num-} Per 
ber | cent* d | ber | cent* 





49 19 | 38.8 E 11 | 26.8 





18 9 50.0 7 | 43.8 


32.3 4 








16.0 


63.3 


31 Io 





tog | 80 | 73.4 69 





12 Io 














83.3 to | 82.3 





52 | 49 | 94.2 | 84.6 


45 45 21 | 46.7 45 | 4s | 15 | 33-3 

*Based on traced patients. Inquiry as of January 1, 1950. Included 
in the 3 year group are those patients operated on 3 or more years prior 
to the time of inquiry; that is, 1946 or earlier; the 5 year group includes 
those patients operated on in 1944 or earlier. Hospital deaths are ex- 
cluded in the calculation of the survival rates. 


| s2 | 44 























of the colon adherent to the urinary bladder, 
and found neoplasm responsible for the attach- 
ment in a third of the cases. 

Few authors give statistics which will dis- 
tinguish between the prognosis for patients 
who have malignant invasion and the progno- 
sis for patients who do not, when adherence of 
the vagina or other structures to the rectum 
exists. The assumption is that the prognosis 
is much better when the involvement is purely 
inflammatory. This is borne out by Taylor’s 
study of colonic carcinoma adherent to the 
urinary bladder, in which he found the 3 year 
survival rate to be 38.5 per cent when malig- 
nant extension was present, as opposed to a 3 
year survival rate of 57.1 per cent when only 
inflammatory fixation was present. In the 
material we studied, the difference was not so 
marked, since the 5 year survival rate for pa- 
tients who had inflammatory fixation was 31.2 
per cent, compared with a survival rate of 
24.0 per cent for those who had malignant 
invasion of the vagina. 

The finding that only 16 of the 57 patients 
(28 per cent) in series 1 had annular lesions 
indicates that extrarectal extension is not ab- 
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solutely dependent on circumferential growth. 
A comparison of this figure with the germane 
figure in series 2 (in which there was no vaginal 
fixation) shows that 50 per cent of the patients 
in series 2 had annular lesions, an observation 
which seems to confirm this. 

However, in regard to spread to regional 
lymph nodes, Coller, Kay, and MacIntyre 
noted that there was an increased likelihood of 
metastasis as a greater circumference of the 
rectum was involved by carcinoma. This no- 
tion is supported by the fact that, in series 1, 
14 of 16 annular lesions exhibited involvement 
of lymph nodes. In contrast, in 41 cases 
which did not involve the entire circumference 
of the rectum, there were only 23 instances of 
metastasis to lymph nodes. This increased 
incidence of involvement of lymph nodes in 
the presence of annular lesions is reflected in 
the poor prognosis which accompanies such 
lesions. Only 1 patient in series 1 who had an 
annular lesion survived 5 years. 

In general, the operative mortality rate ac- 
companying large series of carcinomas of the 
rectum ranges from 4 to 10 per cent. The 
lower figures are associated with operations 
done during the past few years, and result 
primarily from advances in preoperative and 
postoperative care. The figure of 5.2 per cent 
reported for our series 2 compares favorably 
with the range of operative mortality rates 
given above. 

When more extensive procedures are neces- 
sary because of wide dissemination or fixation 
to other organs, the operative mortality rate 
would be expected to be increased. It was 
thus increased, in fact, in the series of Sugar- 
baker, who reported an operative mortality 
rate of 19 per cent in 42 cases of colonic carci- 
noma in which removal of structures in addi- 
tion to the bowel was necessary. Gilchrist and 
David also reported an operative mortality 
rate of 20 per cent in 35 of 200 cases of resec- 
tion of the rectum in which removal of addi- 
tional structures was necessary. 

Apparently, the operative mortality rate of 
5.3 per cent which accompanied resection of 
the rectum plus partial vaginectomy in our 
series 1 is a reasonable one. A logical conclu- 
sion seems to be that the added procedure of 
removal of the posterior vaginal wall at the 
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time of rectal resection does not add appreci- 
ably to the risk. Certainly, it does not do so 
to the same extent as removal of the uterus, 
bladder, or a segment of the small bowel. 

In the more recent series of rectal carci- 
nomas reported in the literature, a 5 year sur- 
vival rate of 30 to 37 per cent is given when 
lymph nodes were involved; and the survival 
rate is 60 to 75 per cent when lymph noes 
were uninvolved. It is difficult to compare 
these rates with survival rates from the litera- 
ture in series of rectal resections for carcinoma 
when removal of contiguous structures was 
necessary. Such series are few, and the num- 
ber of patients is too small to be of signifi- 
cance. Recently, Gilchrist and David reported 
35 such resections with a 5 year survival rate 
of 40 per cent. In 6 of the 35 cases the opera- 
tion was rectal resection accompanied by par- 
tial vaginectomy, and 3 of the 6 patients lived 
more than 5 years. In 1949, these same 
authors (6) reported a series in which 20 of 
112 low-lying carcinomas of the rectum had 
required removal of the base of the bladder, 
and portions of the vagina, urethra, or prostate 
gland. Seven of the 20 patients had lived more 
than 5 years. Lahey reported removal of the 
vagina and other female genital organs, along 
with rectal resection, in at least 60 patients; 
for all cases in which adjoining structures 
were involved in the operation, he arrived at a 
5 year survival rate of 30 per cent. Sugar- 
baker, in his report of 42 cases in which re- 
moval of the rectum and adjacent structures 
was required, listed 19 patients as alive and 
well. Among these, 16 had undergone vagi- 
nectomy and 8 were alive. None had lived 5 
years at the time of the report. 

In our series 1, an overall 5 year survival 
rate of 26.8 per cent was found. Since series 1 
includes cases in which the operation was for 
palliation only, the figure undoubtedly repre- 
sents a more serious outlook than actually 
exists. The significance of regional nodal in- 
volvement is emphasized by a comparison of 
the 5 year survival rate of 16.0 per cent for 
patients whose lymph nodes were involved, 
with the survival rate of 43.8 per cent for 
patients whose lymph nodes were not in- 
volved. The serious implication of malignant 
rectovaginal fistulas associated with rectal 
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-arcinoma is evidenced in series 1 by the fact 
hat no patients who had such lesions survived 
‘ears. Inflammatory fistulas appear to offer 
etter prognosis: 1 patient with such a le- 
1 in series 1 lived 6 years, and the second 

| lived 52 months when last heard from. 
everal factors must be considered in deci- 
| as to the feasibility of a radical surgical 
cedure in the presence of such extensive 
lvement. Glass and Garlock stated that 
practicability of radical surgical treat- 
it should be judged on 2 basic criteria: 
the associated postoperative mortality 
and (2) the survival period. There can be 
le criticism of a more extensive operation 
n the standpoint of the operative mortality 
>» when this rate is within the range of 5 per 
t. This approximates the operative mor- 
ty rate accompanying uncomplicated rec- 
resection as reported by many authors. An 

‘rative mortality rate of 5 per cent, in addi- 

1 to the fact that the 5 year survival rate 

y be 26.8 per cent seems to justify radical 

ection for rectal carcinoma when the poste- 

r part of the vagina is involved. 

Daland, Welch, and Nathanson believed 

it the success of any treatment should be 

asured by comparison of results which it 
duces with those obtained when no treat- 
nt at all is employed, and that the prime 
nsiderations are length of life, comfort of the 
itient, and comfort of the family. The diffi- 
ity of such a comparison lies in the fact that 

e last two factors cannot be calculated, and 
that statistics on untreated carcinomas of the 
rectum are scarce. These authors reviewed 
tle records of 100 untreated patients who had 
had an average length of life of 17.2 months 
after the onset of symptoms and a median 
length of life of 14 months. Thomas, Kline, 
and Seed studied 66 cases of carcinoma of the 
rectum in which there had been no treatment, 
and noted an average duration of life of 14.6 
months from the onset of symptoms, with a 
median of 10 months. 

The foregoing figures can be contrasted with 
an average length of life after operation in our 
series 1 Of 42 months and a median of 18 
months. This figure for average duration of 
life is accounted for by 3 patients who lived 
18, 20, and 30 years. It should be noted, how- 
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TABLE III.—FIVE YEAR SURVIVAL RATES: PA- 
TIENTS WITH CARCINOMA OF THE RECTUM 
WITH VAGINAL INVOLVEMENT (SERIES 1), 
AND PATIENTS WITH ANNULAR CARCINOMA 
OR CARCINOMA OF THE ANTERIOR RECTUM 
ALONE, BOTH WITHOUT VAGINAL INVOLVE- 
MENT (SERIES 2) 





Series 1 Series 2 


| 
| Living 5 
Patients, | or more Patients, 
No. |years after No. 
| operation 


| | | | 
Total) Trac-|Num-| Per 
ed | ber | cent* 





Living 5 
or more 
|years after 
| operation 


| 


| 
Total! Trac-/Num-| Per 
ed | ber | cent* 


Factors 








Total 41 | ir | 26.8 109 | 69 | 63.3 





Annular lesions 


10 | 1 | 10.0 53 | 27 


50.9 








Nonannular lesions 31 | Io | 32.3 56] 42 |75.0 








With vaginal inva- 


sion 25 | 6 | 24.0 











Without vaginal in- 
vasion 16 5 63.3 
*Based on traced patients. Inquiry as of January 1, 1950. Included 
are only those patients operated on 5 or more years prior to the time of 
inquiry; that is, 1944 or earlier. Hospital deaths are excluded in the cal- 
culation of the survival rates. 


31.2| 109 | 109 | 69 




















ever, that the statistics for this series refer to 
duration of life after operation, in contrast to 
the untreated series, in which statistics are 
calculated from the onset of symptoms. 

Although these results indicate that poste- 
rior vaginal excision associated with rectal 
operations for carcinoma adds little to the 
operative risk, a comparison of the survival 
rates in our series 1 and series 2 leaves little 
doubt concerning the significance of vaginal 
involvement as an index to prognosis. Pa- 
tients in series 2 (without vaginal fixation) 
who survived for 5 years were more than twice 
as numerous as those in series 1 (with vaginal 
involvement) who survived 5 years (Table 
III). This ratio held in every class of lesion, 
with or without involvement of nodes, annular 
or nonannular, and the overall survival figure 
of 63.3 per cent for series 2 is twice as good as 
the survival rate of 31.2 per cent for lesions 
in series 1 with vaginal fixation but without 
actual carcinomatous invasion. 

The fact, however, that type C lesions in the 
series without vaginal involvement are asso- 
ciated with a poorer prognosis than type B 
lesions in the series with vaginal involvement 
seems to indicate that nodal involvement is a 
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more important index of prognosis than is 
local extension in the absence of lymphatic 
spread. This lends support to Kirklin and 
associates’ contention that perirectal exten- 
sion in rectal carcinomas lying below the peri- 
toneal reflection does not indicate a poor 
prognosis in the absence of involvement of 
lymph nodes. 


SUMMARY AND CONCLUSIONS 


A comparative study of two surgical series 
of carcinomas of the rectum in female patients 
has been presented. Both series consisted of 
carcinomas involving the anterior wall of the 
rectum, but in one series all the lesions, in 
addition, were accompanied by involvement 
of the posterior vaginal wall which necessi- 
tated partial vaginectomy at the time of ab- 
dominoperineal resection. The results of this 
study allowed the following conclusions to be 
drawn. 

1. There is no significant difference in the 
prognosis for a female patient with an oper- 
able rectal lesion confined to or involving the 
anterior quadrant, and the prognosis as re- 
ported in other surgical series of rectal carci- 
nomas located at the same level. 

2. Physical examination of patients who 
have rectal carcinoma gives inconclusive in- 
formation concerning the local extent of ma- 
lignant process. Clinically, inflammatory fixa- 
tion may be indistinguishable from cancerous 
fixation, even in the presence of rectovaginal 
fistulas. 

3. The incidence of actual malignant inva- 
sion when the vagina was grossly adherent to a 
rectal carcinoma was 64.9 per cent. 

4. Patients whose vaginal involvement is 
purely on the basis of inflammation have a 
slightly better prognosis than those in whom 
malignant vaginal extension has occurred. 

5. Complete circumferential growth of a 
carcinoma is not necessary before extrarectal 
and vaginal extension occur. 

6. Gross involvement of the vagina by a 
rectal malignant process is a valuable prog- 
nostic sign. Patients with such involvement 
have less than half the survival of patients 
with similar lesions but without fixation. 

7. The existence of a malignant rectovagi- 
nal fistula is of ominous prognostic import. 


SURGERY, GYNECOLOGY AND OBSTETRICS 


No patient in this series who had this compli- 
cation lived 5 years. 

8. Involvement of lymph nodes is a more 
reliable index of prognosis than is local exten- 
sion without lymphatic spread. 

g. An overall 5 year survival rate of 26.8 per 
cent and an operative mortality rate of about 
5 per cent justify and make wide removal of 
the posterior vaginal wall imperative when it 
is adherent to a carcinomatous rectum. 
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RIOR to 1894 the importance of the 
| Dipmohatic metastatic spread of cancer 
of the rectum was not appreciated, 
“- since published contributions to cancer 

this site were devoted almost exclusively to 
erative technique. In fact, from the time 
1en intestinal cancer was first excised by 
eybard emphasis was placed upon the best 
ethod of suturing the cut ends of the intes- 
1e or upon the surgical approach. 

In 1896, Giordano (21, 22) pointed out the 

iportance of excising the lymph-bearing area 

cancerous tissue was to be effectively re- 
ioved. Theretofore such a concept had pre- 
ailed only as concerned cancer of the breast or 
terus. Impressed by Novaro’s operation, in 
‘hich the node-bearing areas of the uterus 
vere removed, Giordano (21) devised, as a 
rocedure of choice, the abdominoperineal 
yute for extirpation of cancer of the rectum. 
his was not the first abdominoperineal oper- 
tion for rectal cancer. It has been employed 
vefore, either accidentally (11) or with the 
ntention of removing larger portions of the 
bowel, as reported by Gaudier and by Chalot. 
The latter was even able to excise 36 centime- 
ters of the intestine by this route. 

A basic fault in these first attempts was 
inadequate knowledge and study of the lym- 
phatics of the rectum and as a consequence 
these earlier pioneering ideas failed to attract 
the attention they deserved. In 1907, how- 
ever, Miles, impressed by Wertheim’s tech- 
nique for removal of the cancerous uterus, 
abandoned the perineal operation and pro- 
posed the abdominoperineal route as the only 
effective’ approach in rectal cancer. The 
groundwork for his proposed approach had 
already been laid by the classic anatomic 
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studies of the pelvic lymphatics made by 
Gerota, and by Poirier, Cunéo, and Delamére. 
Nevertheless, Miles’ work, beyond question, 
represents the greatest single contribution to 
the surgical treatment of cancer of the rectum. 

It must be recognized that improvements 
on any type of procedure are to be expected. 
In the operation proposed by Miles, a re- 
evaluation of two points is justified. First, his 
conception that all the areas of lymphatic 
spread from cancer of the rectum fall into a 
single pattern was faulty and inevitably 
brought the opposition of well-marshalled 
facts and documented arguments. Indeed, 
McVay, Gabriel, Dukes, and Bussey, West- 
hues, and Grinnell (24-26) studying the site 
of metastases from cancer of the rectum, 
showed beyond question that retrograde 
spread was much less extensive than reported 
by Miles. They observed also that the down- 
ward area of spread, as well as the paracolic 
nodes along the border of the mesosigmoid, 
were of little significance. Their findings were 
confirmed by the extremely rare occurrence of 
metastases to the inguinal nodes from cancer 
of the rectum, except where the anal canal as 
well was involved. Second, Miles’ description 
of the lymphatics was inaccurate and mislead- 
ing in spite of the fact that it was based on the 
descriptions of Gerota and of Poirier, Cunéo, 
and Delamére. The inaccuracy of some of his 
statements is evidenced by other accumu- 
lated data: 

1. The percentage of cure is higher when 
the lesions are located in the upper portion of 
the rectum. 

2. Local recurrence varies in accordance 
with the level of the lesion. 

3. Exclusively lateral spread is present 
when the tumor is located in the distal portion. 
Exceptions to the rule occur when the upward 
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pathways are blocked in far advanced lesions, 
but this intercommunication between the two 
pedicles seems to be extremely rare. We 
found only 1 such case in the literature (20). 
4. There is a critical point for the variation 
of the prognosis—the peritoneal reflection as 
mentioned by Reinhold and by Gilchrist and 
David. Although that point is not a precise 
anatomic landmark, it does coincide with the 
middle valve of Houston or Kohlrausch’s 
plica, which is the level where the two lympha- 
tic areas of the rectum are differentiated, as 
demonstrated by Villemin, Huard, and Mon- 
tagné, and Oliveira. This fact is demonstrable 
by injecting an operative specimen immedi- 
ately after operation, as we reported (42). 
These reasons, analyzed with more detail in 
other articles, led us to conjecture the reason 
for such variation of the prognosis. The ex- 
planation is simple: the extent of lateral 
spread in low-lying lesions has been under- 
estimated and the tumors of the upper rectum 
are much more amenable to cure than the low 
lesions. When the tumor is located in the 


upper portion of the rectum the metastases 
follow the superior hemorrhoidal vessels, ex- 


tending through an area which is easily re- 
moved. When the lesion is located in the 
lower portion of the rectum, the lateral pedi- 
cles also are involved. With the addition of 
the lateral spread, a more extensive involve- 
ment is present, and the removal of such a 
lateral area is much more difficult to accom- 
plish satisfactorily. To show the importance 
of this statement we cite the results of Gil- 
christ and David who reported a survival rate 
of 74.4 per cent when the lesions were located 
below the peritoneal reflection without node 
involvement, whereas their salvage rate was 
only 37.5 per cent with node involvement. 
Similar results were recorded by Pfeiffer and 
Miller. They found 53.2 per cent survival 
rate in low lesions when there was no node 
involvement and 16.6 per cent when the lymph 
nodes were involved. 

From these remarks it becomes apparent 
that the operation described by Miles is not 
sufficiently radical for extirpation of carcino- 
mas of the lower portion of the rectum. 

We have studied this subject with particu- 
lar interest since 1948, and conclusions have 
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been reported (4, 5, 42) but the technique was 
not described in detail. It was devised for the 
purpose of including the lateral area of spread 
in the excision of low carcinomas of the rectuin 
because in the classic procedure the amount of 
tissue removed in such areas is insignificant. 
Indeed, Miles placed all lymph nodes over the 
levators, which does not correspond to an:- 
tomic fact. The lymphatics of the lateral arca 
are located on the lateral pelvic walls or 
within the pelvic fascia well above the leva- 
tors. These lymphatics cannot be removed 
simply by wide excision of these muscles. 

Miles’ misinterpretation can best be re- 
vealed by a summary of the anatomy of the 
lymphatics of the rectum as seen by the anat- 
omists who studied the subject extensively 
to which may be added some work of our 
own (42). 


ANATOMY OF THE LYMPHATICS OF THE RECTUM 


Despite the variations which may occur, the 
lymphatics of the rectum can be summarized 
as follows: 

Intraparietal lymphatics (network of origin). 
Gerota, and Poirier, Cunéo, and Delamére 
demonstrated that the rectum is divided into 
two distinct networks of origin. Gerota differ- 
entiated a superior and an inferior lymphatic 
region in the rectum. The superior is com- 
posed of a close network of lymphatics, and 
the inferior is made up of longitudinal bands 
of lymphatics disposed in a columnar form 
along the columns of Morgagni, representing 
the upper limit of that area. This line is a 
delimitation between the two areas or net- 
works of origin. 

A more convincing demonstration that the 
rectum is divided into two different areas was 
made by Villemin, Huard, and Montagné 
(Fig. 1). 

From this illustration it becomes clear that 
the rectum is divided into two different areas 
of spread, one below and the other above the 
middle valve of Houston. It is also evident 
that the upper rectum is drained exclusively 
through the superior pedicle, while the lower 
portion of the rectum is drained by all three 
pedicles. 

Extraparietal lymphatics (areas of spread). 
The rectum is drained through three main 
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g. 1. a, Injection of a blue dye above the plica of 
lrausch; the lymphatic network of the upper rectum 
lored by the dye, and the lymphatics accompanying 
uperior hemorrhoidal vessels are the only ones to be- 
colored by the dye. (Modified from Villemin, Huard, 
Montagné, Rev. chir., 1925, 63: 39. In Sauer and 
on, Am. J. Surg., 1951, 81: 111.) b, A yellow dye was 
ted into the rectum below the plica; and a blue one, 
e. It is shown that the rectum possesses 2 distinct 


as, each one of which has its own pedicles: 
superior, middle, and inferior. 
superior pedicle (superior area of spread).— 
e superior lymphatic area of the rectum 
‘ nprises those tissues containing the lym- 
itic channels and nodes which follow the 
verior hemorrhoidal vessels forming the 
uperior pedicle of the rectum. The channels 
this pedicle are most frequently satellites 
the arteries and usually comprise two 
ymphatic channels for each artery. After 
perforating the muscular coat of the rectum 
these lymphatics run upward and backward 
to reach the glands of the mesorectum. They 
traverse the pararectal nodes of Gerota, 
which vary from 4 to 7, are placed on the 
muscular layer and are covered by the fibrous 
coat of the rectum. They are encountered 
especially above the region of the ampulla, and 
the lowest of them is situated immediately 
above the levators ani. Glands of very minute 
size, unless some pathologic reason for their 
enlargement is present, are encountered along 
the superior hemorrhoidal vessels above the 
area described. In the mesosigmoid, above 
the minute glands, other glands of consider- 
able size are grouped around the trunk of the 
superior hemorrhoidal artery. 
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networks of origin, and that the plica is the limit between 
them. The inferior and the lateral trunks drain only the 
lower rectum, while the superior pedicle drains the upper 
and the lower rectum: a, aortic nodes; }, aorta; c, iliac 
nodes; d, rectosigmoid nodes; e, hypogastric nodes; f, sacral 
nodes; g, 4, anorectal nodes; 2, inguinal nodes. (Modified 
from Villemin, Huard, and Montagné, Rev. chir., 1925, 
63: - In Sauer and Bacon, Am. J. Surg., 1951, 81: 
III. 


Villemin, Huard, and Montagné described 
three different groups of nodes of the meso- 
rectum. 

1. One group is located at the bifurcation 
of the superior hemorrhoidal artery. These 
nodes receive many short channels from the 
rectum and anus and are called the rectal 
group. They are the most important and 
common group of nodes of the rectum and for 
that reason Mondor called this area the hilus 
of the rectum. 

2. Another group of nodes is found at the 
junction of the sigmoidal arteries with the su- 
perior hemorrhoidal. They receive the chan- 
nels from the rectum and sigmoid and are 
called the rectosigmoidal group. These chan- 
nels are usually the continuation of the chan- 
nels of the previous group though in some 
instances some channels of medium length 
reach these nodes without traversing the an- 
terior group. 

3. A third group of nodes is located where 
the inferior mesenteric artery gives origin to 
the left colic artery and the first sigmoidal 
artery. This group was called rectosigmoido- 
colic because it receives the lymph from the 
rectum, sigmoid, and descending colon. The 
channels connecting with this group are de- 
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rived from the previous groups of channels 
but there may be some channels of great 
length extending directly from the rectum 
without traversing the other groups. These 
channels are called the long channels, and 
they may be accounted for by variation from 
the orderly pattern described by Gilchrist and 
David which is the common pattern en- 
countered in the evolution of metastases to 
the nodes. Indeed, cancer cells may be 
drained from the lower rectum directly to the 
upper group of nodes without travelling 
through the other groups. This makes it pos- 
sible to explain why McVay, and Gabriel, 
Dukes, and Bussey encountered the orderly 
spread described by Gilchrist and David in 
most of their cases, though in a few instances 
one or two involved nodes were present well 
above the nodes in the proximity of the 
tumor. 

This description of the upward spread sug- 
gests also that there is some lack of eradica- 
bility with the present procedures so far as the 
upward spread is concerned. Actually, in all 
present procedures for eradication of cancer 
of the rectum and sigmoid, it has been recom- 
mended that the ligature be placed below the 
left colic. But, as suggested by the description 
of the rectosigmoidocolic group, this site is too 
low, and the nodes above it in the conjunction 
of the left colic with the inferior mesenteric 
artery may be involved by metastatic cells. 
Indeed, as was demonstrated by Dukes, the 
prognosis in cancer of the rectum is still good 
when the involved nodes are localized close to 
the tumor. When metastases were found in 
the nodes close to the point of ligature, how- 
ever, the prognosis was very poor. Dukes 
considered this fact so important that it led 
him to modify his former C classification of 
cases into C1 and C2. 

Lateral pedicles (lateral or middle area of 
spread).—Besides the upper area, which is 
located partly within the pelvis, all the lymph- 
bearing area of the rectum within the pelvis is 
called the lateral or middle area of spread. 
This region comprises all the structures carry- 
ing the lymphatic channels of the rectum 
draining to the iliac vessels. The importance 
of the external iliac vessels as a lymph-bearing 
area is disputable; nevertheless, it seems that 
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in a certain number of cases, lymphatic chan- 
nels from the rectum may reach such vess«s, 
The middle hemorrhoidal as well as the sacral 
vessels are the vascular pedicles followed by 
the lymphatics of this region. The anterior 
pedicle of this area, however, does not follow 
any particular vessel. 

The lateral or middle area of the rectum has 
three main pedicles: the posterior, lateral, 
and anterior. 

1. Posterior pedicle. The efferents of this 
pedicle accompany the middle or the lateral 
sacral vessels. The middle sacral channels 
cross one or more nodes. Because of their 
location they are called the nodes of the 
promontory. 

The lateral sacral nodes generally are lo- 
cated between the common iliac and the sa- 
crum just below the origin of the internal iliac 
artery. 

2. Lateral pedicle. This pedicle is formed 
by the lymphatics which follow the middle 
hemorrhoidal artery. These efferents consti- 
tute the most important pathway for metas- 
tases to the lateral area of spread and are sec- 
ond only in importance to the superior pedicle 
for the drainage of the entire rectum. 

The importance of these lymphatics has 
been underestimated owing to the fact that 
all emphasis was placed on the excision of the 
levators as the approach for the excision of 
these channels. As the levators have no direct 
connection with them, the amount of lateral 
lymphatic tissue customarily sent to the path- 
ologist for examination is almost nil. 

These lymphatics were first described by 
Quénu and later by Gerota. These anatomists 
were able to observe them only in a small 
number of cases because they injected mercury 
which does not fill the pedicles as well as it 
does the more distensible lymphatics of the 
intestinal wall. On the other hand, Cunéo and 
Marcille, using Gerota’s paste, were able to 
recognize the lymphatics in nearly every case. 
Poirier, Cunéo and Delamére, who also ob- 
served these lymphatics, considered them as 
constant. In our series of injections they were 
seen in nearly every case, and we too consider 
them as constant (42). Villemin and his col- 
leagues, on the basis of their work, also sub- 
scribed to this view. The efferents of the mid- 
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lymph 


g. 2. a, b, c, and d, Surgical specimens showing the 
hatic channels after the injection of the Evans blue 
made before the operation. In all the specimens the 


hemorrhoidal artery end at the node de- 
bed by Quénu and Gerota generally locat- 
where the hypogastric gives off most of its 
aches. Other nodes commonly found, 


les of Cunéo and Marcille are those along 
lateral ligaments. 

\ fact which is of great importance is that 
y were never visualized by us when we in- 
ted the operative specimen after the oper- 
yn in the upper portion of the rectum (48), 


ve Kohlrausch’s plica, as was reported by 

lemin and his co-workers and by Oliveira. 

e fact which we consider of utmost impor- 

ace in the knowledge of this pedicle is that it 

oes not run over the levator ani as stated by 
Miles, but rather within the lateral ligament 
along the middle hemorrhoidal artery. Figure 
2 illustrates schematically a pattern observed 
by injecting the rectum before the operation, 
as presented in another article (42). In Figure 
3 the distance between the levators and the 
middle hemorrhoidal artery is clearly demon- 
strated. The source was a dissection of the 
pelvis performed by one of us (L.S.). 

Figure 3 shows the relations between the 
endopelvic fascia and the lateral ligaments 
with the levators. The illustrations were 
made to scale in order to maintain identical 
relationships. It is clear that the middle pedi- 
cle is located much higher and lateral than the 
levators and that even the more extensive 
excision of the muscles does not suffice to 
eradicate these tissues. The illustration also 
shows the area to be resected. 
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channels within 


the lat Rgoment 


node and 


dye is seen in the lateral ligaments, and in no case was it 
found in the levators ani or in their coverings. (From 
Sauer and Bacon, Am. J. Surg., 1951, 81: 111.) 


The connective tissue of the pelvis serves as 
the support for the vessels of the pelvis as a 
substitute for the mesenteries within the ab- 
dominal cavity. The connective tissue also 
provides important ligamentous support for 
the pelvic viscera. The difference between 
this tissue and the mesenteries is that the 
latter is covered by the peritoneum, that is, 
intraperitoneal. Little wonder they have the 
same significance and that they carry similar 
structures, that is, supportive connective tis- 
sue, blood, and lymph vessels. It is evident 
that the intraperitoneal cancers of the rectum 
have metastasized exclusively through the 
intra-abdominal pedicle, whereas the extra- 
peritoneal rectum is drained as well by the 
extraperitoneal pedicles. 

Undoubtedly, the levators have lymph 
channels, and these channels have connections 
with those of the rectum since their blood sup- 
ply follows these channels as far as the rectum. 
The levators ani muscles do not, however, 
possess defined pedicles. Rather, they contain 
muscular lymphatics with local importance 
and cannot be considered an important path- 
way for the drainage of the rectum. Indeed, 
as was well substantiated by the work of 
Wood and Wilkie, of Dukes and of Guernsey, 
Waugh, and Dockerty the levators are not a 
site for metastases but rather are subject to 
direct involvement. This fact is not surpris- 
ing. Not only by way of correcting an in- 
accurate description but as well to call atten- 
tion to a well-known fact, the muscles are not 
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a site for metastases in the pelvis or in any 
other part of the body. The muscles do have 
lymphatics, but the main collecting trunks of 
the viscera do not travel along them. 

Another fact leading to the conclusion that 
Miles misplaced the middle pedicle is that for 
the most part the blood supply of the levators 
is derived from the internal pudendal after 
these vessels cross the coccygeal muscles. 
Then, in case of the existence of a lymphatic 
pedicle along the levators, it would be mostly 
infrapelvic rather than suprapelvic. 

3. Anterior pedicle. This pedicle was de- 
scribed with particular detail by Reinhold 
who considered it of great importance. It 
did not receive the attention justified but we 
found it to be present in almost every case in 
which we injected the lower rectum with dye 
before operation. 

This pedicle is made up of two main groups 
of trunks, one on each side. After leaving 
the rectum, they follow the rectourethralis 
muscle in an upward direction between the 
two layers of the rectogenital septum without 
perforating it. This septum, the rectovaginal 
in the female and the Denonvilliers’ fascia in 
the male, is, according to Reinhold, a barrier 
to the lymphatic penetration of the bladder, 
uterus, and prostate. 

After reaching the rectogenital septum, the 
trunks turn upward until they reach the 
upper border of that fascia. They then de- 
flect laterally, one to each side, and are di- 
rected toward the internal iliacs. Occasion- 
ally, they fuse with the middle hemorrhoidal 
channels or with the lateral sacral trunks 
while in a few instances they may be con- 
nected with the external iliacs. 

Inferior pedicle (inferior or downward area 
of spread).—The distal portion of the rectum 
is also drained by channels which pass to the 
inguinal glands. The channels are connected 
with those of the anal canal and follow the 
same distribution. These vessels are the least 
important for the drainage of the rectum; 
metastasis to the inguinal nodes, when the 
anal canal is not involved, is extremely un- 
common. 

The trunks of this pedicle pass to the groin, 
draining for the most part into the superior 
and internal group of nodes. They rarely 
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pass to the inferior and internal group and 
even more rarely into the inferior and external 
groups. 

The limit of the inferior area is comprised 
of all the tissues containing the channels and 
the nodes of the inguinal region just described. 


ANATOMY OF THE PELVIC FASCIA 


The pelvic fascia represents the continiia- 
tion of the transversalis fascia of the abdomen 
through the pelvis (46). It covers the dia- 
phragmatic musculature of the pelvis and the 
lateral pelvic walls. In addition to its parictal 
portions, the pelvic fascia possesses sheaths 
which enclose the pelvic viscera and serve as 
ligaments for the support of the viscera and 
the connective tissue of the vascular pedicles 
to these organs. The ligaments are condensa- 
tions of tissue and are called the ‘“‘hypo- 
gastric root.” 

The pelvic fascia presents a layer attached 
to the pelvic walls which is the inner layer 
described by Tobin, Benjamin, and Wells. 
From that portion the layers that enclose the 
pelvic viscera have their origin. 

From the anterior portion of this layer, a 
fascial structure extends over the posterior 


aspect of the prostate or the cervix (45) and 
is called the rectogenital septum by Uhlen- 


hut and his associates. Another sheath, 
placed slightly anterior to the rectogenital 
septum, encloses the uterus. A third sheath 
invests the anterior aspect of the rectum and 
forms, together with the presacral fascia, the 
fibrous coat of the rectum. 

According to Paitre, Giraud, and Dupret 
the endopelvic fascia is composed of a sagittal 
ligament which surrounds the pelvic wall. 
They termed it the ‘‘sacrorectogenital’’ fascia. 
This fascia has been interpreted in different 
ways. Delbet, for instance, considered it as 
the sacrorectopubogenital sheath which, ac- 
cording to Uhlenhut, is closer to the truth. 
On the other hand, Farabeuf described it as 
a condensation of the hypogastric sheath fol- 
lowing the vascular pedicles. Thus there are 
as many sheaths as vascular pedicles arising 
from the pelvis. Ombredanne, however, de- 
scribed the sacrorectogenital sheath as the 
mesentery of the middle hemorrhoidal artery 
while Latarget, Bonnet, and Rochet, and 
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ichard designated it as the substratum of 
sagittal sheath as formed by the nerves 

» | the hypogastric ganglions of the pelvis. 
fore recently additional light has been 

‘2 t upon the subject by the studies of Peham 

: | Amreich, Curtis and his associates, 
seler, and Anson, Tobin, Benjamin, and 

. lls (45, 46), and Uhlenhut, Day, Smith, 

' | Middleton. Unfortunately, the relation- 
) between the pelvic viscera and the pelvic 
ja and vascular pedicles was not investi- 
ed in detail. The description by Uhlenhut 
his associates, however, is very complete 
| aids in the understanding of the different 
ita of pelvic fascia. A summary follows: 

Presacral wing. This portion of the 
opelvic fascia is the segment which covers 
sacrum. It is divided into sheaths to en- 
se completely the rectum in its mesenteric 
tion. At the hypogastric root it meets and 

‘s with the superior wing of the endopelvic 

cia. 

. Superior hypogastric wing. This por- 
1 covers the lateral wall of the pelvis and 
divided into two sheaths to invest the 

» \dder. The wing forms a flap over the 
m of the pelvis as a sheath around the 
c vessels. It contains the vesical vessels 
| is continuous with the umbilical sheath 
well as the presacral wing. 

;. Inferior wing. This portion is derived 
from the hypogastric root, passes to the 

orsoexternal margin of the bladder, and fuses 
with the fascia endopelvina. It represents 
the main ligamentous fixation of the bladder. 

4. Endopelvic fascia. This structure repre- 
sents the floor of the space of Retzius. It 
also constitutes the fascial investment of 
three stout ligaments: two pubovesical and 
one lateral—the lateral ligament of the blad- 
der which has been incorrectly termed the 
true ligament of the bladder. Rather, it is 
rectal and vaginal and its relation with the 
bladder is indirect, through the sagittal course 
rather than direct. 

More detailed studies of the relationship 
between the vascular pedicles with the pelvic 
fascia were given by Paitre, Giraud, and 
Dupret. Figure 4 shows the difference in ap- 
proach between the Miles abdominoperineal 
operation and the recommended approach. 
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Figures 3 and 4 make it clear that little 
tissue of the lateral area of spread is removed 
by the classic procedure whereas with the 
removal of this entire area, together with the 
node dissection of the iliac vessels, the final 
results, in carcinoma located in the distal por- 
tion of the rectum, may be influenced favorably. 


OPERATION 


Gouillod, Tixier, Albertin, and Chatier 
were the first to propose wider removal of 
the pelvic fascia but the proposal held no 
particular appeal at that time. The subject 
was discussed by Schwartz who proposed the 
extirpation of the rectovaginal septum rou- 
tinely in cases of carcinoma of the rectum in 
females. In 1924, more emphasis was given 
with the presentation of Ricard and Rein- 
hold. Ricard proposed the complete excision 
of the lateral ligaments for a more thorough 
removal of the lateral area of spread. He 
thought, however, that such a procedure 
would increase greatly the operative mortal- 
ity which was high at that time. Reinhold 
placed more emphasis on the anterior pedicle 
and advised its excision, together with the 
other two pedicles of the lateral area of spread. 
It is interesting to note that not only Rein- 
hold, but Ricard as well, had already recog- 
nized that the excision of the lateral areas of 
spread, that is, the pelvic fascia, would nec- 
essarily be an indispensable step in opera- 
tions for cancers located below the peritoneal 
reflection. They had already noted that the 
prognosis in the presence of such lesions was 
much poorer than when the lesions were sit- 
uated at higher levels (38, 40). The pelvic 
fascia directly connected with the rectum was 
completely removed, including the lateral 
ligaments and fascia of Denonvilliers, al- 
though the nodes along the iliac vessels were 
permitted to remain. 

In our procedure the approach is similar, 
implemented by an ileopelvic node dissec- 
tion and instituted as an abdominoperineal 
excision. 

Surgical technique. The operation is car- 
ried out in one stage and is divided into two 
phases, an abdominal and perineal. 

Abdominal phase.—The abdominal cavity 
is entered through a long paramedian incision 
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Fig. 3. Drawing taken directly from a dissection in cadaver in which all the rela- 
tions were maintained in correct proportions, All endopelvic fascia was preserved, and 
its relationship with the pelvis is demonstrated. The distance between the root of 


the fascia with the lymphatics and the blood vessels is shown. 


A lymph node 


(Quénu) is seen in the hypogastric root outside of the hypogastric wing of the pelvic 
fascia, as well as other nodes placed along the branches of the hypogastric vessels. 


and the abdominal organs are explored for 
the possibility of metastases or concomitant 
lesions. 

The sigmoid is lifted forward and to the 
right side to permit exposure of the parietal 
peritoneum, which should be incised along 
the white line of Monk. The inner stratum of 
the transversalis fascia should now be fol- 
lowed in order to meet the proper cleavage 
leading to the spermatic vessels and the ureter. 
The ureter should be separated but not iso- 
lated. This is not difficult to accomplish be- 
cause the ureter and the spermatic vessels 
are enclosed within the intermediate stratum 
of the transversalis fascia. It is important to 
handle the ureter as gently as possible for in 
the pelvis it might otherwise be deprived of 
some of its blood supply. 

The incision of the peritoneum is extended 
as far as the posterior aspect of the bladder 
or of the uterus where it meets a correspond- 
ing incision which is carried out on the oppo- 
site side. 


Dissection of the peritoneum is begun on 
the left and continued upward to the left 
common iliac artery. The adventitia of the 
vessel is incised and opened along the ex- 
ternal iliac. The incision of the adventitia of 
the vessels, which is the intermediate stratum 
of the transversalis fascia, leads the dissec- 
tion to the lateral pelvic wall (Fig. 4a). When 
the sacrum is reached the fascia is liberated 
from it around the pelvis (Fig. 4b). This 
step is not difficult to accomplish because the 
fascia is attached loosely to the bone. The 
only firm attachment is through the hypo- 
gastric root, from the middle hemorrhoidal 
pedicle at its origin. This portion should re- 
ceive the most careful attention because nodes 
of the lateral area may be found at this site 
and because of the proximity of important 
vessels. Once completely free, the pedicle is 
sectioned. The same maneuver is carried out 
on the other side; when completed, the an- 
terior part is dissected. The anterior layer of 
the rectogenital septum should be included 
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lig. 4. Main steps of the procedure. a, Opening of the 
peritoneum for the mobilization of the sigmoid. The endo- 
pelvic fascia is being opened. b, Dissection of the pelvis 
by liberation of the endopelvic fascia from the pelvic walls. 
The dissection is carried out lateral to the fascia and not 
medially, as in the classic procedure. c, Dissection of 


in this stage (Fig. 4c) as recommended by 
Reinhold. In order to do so, it is necessary 
to open the peritoneum on the posterior 
aspect of the bladder a little higher than 
usual. The dissection is then carried as far 


the anterior portion of the endopelvic fascia (rectogenita] 
septum). d, Lymph node dissection. The adventitia of 
the vessels should be opened in such a manner as to follow 
the proper cleavage in order that all the cellular tissue 
along with the containing lymph-bearing area can be dis- 
sected out. 


down as possible in order to facilitate the 
perineal phase. 

The rectum being isolated, the inferior 
mesenteric vessels are severed, and the dis- 
section is ready for the “cleaning out”’ of the 
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iliac vessels. The dissection of these vessels 
should begin well above the bifurcation of 
the aorta at the site of origin of the inferior 
mesenteric artery. The dissection then pro- 
ceeds along the common, the external, and 
the internal iliacs, cleaning the satellites of 
the hypogastric in more detail (Fig. 4d). 

During the dissection, care should be taken 
not to injure the ureters and the vesical ves- 
sels. Impairment of the blood supply of the 
ureter can be avoided by cutting the fascia 
1 centimeter above and 1 centimeter below 
along the entire extension of the ureter in the 
pelvis. 

After the dissection has been completed 
the rectum is divided and the peritoneal floor 
is re-established if possible. The abdomen is 
closed, and the upper sigmoid or lower de- 
scending colon is left as a colostomy opening. 

The same principle is followed in the female 
but some adjustments are necessary. (1) The 
suspensory ligaments of the ovaries are sec- 
tioned and stripped downward and medially. 
(2) The broad ligaments are liberated from 
their attachments. (3) At this stage the fascia 
is entered from behind and separated from 
the pelvic wall. The uterine vessels should 
then be visualized, and the ureters liberated 
from the fascia. Thus the hypogastric root, 
with its blood and lymphatic vessels, is re- 
moved as completely as possible. This ma- 
neuver will assure a wide excision of this im- 
portant lymphatic route, which represents 
the most significant portion of the extraperi- 
toneal pedicle of the pelvic viscera. 

If there is fixation of the tumor to the uterus 
this viscera should be extirpated together 
with the rectum, without any attempt at lib- 
eration. Some have suggested that the uterus 
should be removed routinely in the case of 
patients over 50 years of age. In such a case, 
the extirpation would be wider and safer. 

Perineal phase.—With the patient in the 
lithotomy position an elliptical incision of the 
skin is made after the anal aperture has been 
closed by a purse-string suture. The incision 
is carried out through the adipose tissue of 
the ischioanal fossa and is directed obliquely 
to both sides to reach the ischial tuberosities 
just below the levators. These muscles are 
isolated, and the two branches of the inferior 
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hemorrhoidal can be visualized before cut- 
ting. 

The levators are then dissected in order to 
expose their entire surface and permit their 
excision to be carried out as completely as 
possible. 

The anterior and the posterior raphes are 
now severed, and the excision of the levators 
is carried out from one side to the other. The 
fascia is then liberated from its last attach- 
ments, and the rectourethralis muscle or liga- 
ment is severed. At this stage care should be 
exercised not to enter the fascia but to free it 
completely before cutting the rectourethralis 
ligament, in order to follow the same cleav- 
age started from above. Should difficulty be 
encountered in finding the correct cleavage, 
a finger or a probe can be swept from above 
to guide the dissection by pointing to the 
right space. 

After complete liberation of the rectum 
the stump is removed, and the cavity is 
packed tightly with gauze covered by a rub- 
ber dam. Approximating sutures may be em- 
ployed in order to diminish the size of the 
wound so that the healing period will be 
shortened. 

Definition and indications. The procedure 
described was devised for the excision of low- 
lying cancers of the rectum, namely, those 
located below the middle valve of Houston. 
This procedure, which is by far more extensive 
than the classic operation described by Miles, 
is suggested because with his technique much 
tissue of the lateral area of spread is left in 
situ. It seems evident that the poorer prog- 
nosis of lesions located in that portion of the 
rectum, as compared with the prognosis of 
those higher, is due to the added potential of 
the lateral spread. That area is not suffi- 
ciently eradicated in the Miles operation, as 
we have attempted to demonstrate. 

The operation we have proposed is indi- 
cated also for carcinoma of the anus in which, 
in addition to the downward spread, the lat- 
eral spread should be taken into considera- 
tion. Indeed, we have 1 case in which the 
lateral area as well as the inguinal nodes was 
involved. It does not seem logical to remove 
the upward area of spread and leave the equal- 
ly important lateral. 
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TABLE I.—REPORTS 





Level lesion | 
cm. 


53 1 | APE+AP.N.D. 

53 : AP.E.+AP.N.D. 
4s AP.E.+A.P.N.D. 
57 r AP.E.+AP.N.D. 


Spread to the 


Age, years lateral area 


| 
Operation | 





Positive 





Negative 








Negative 





Negative 


| 
| 
sanael 


| Negative 
| 





55 y J 5 Sigmoidectomy 





AP.E.+APN.D. 


A.P.S.S.+A.P.N.D. | Negative 


Negative 








APPS+APND. | Negative 
Hartmann+A.P.N.D. Negative 
A.P.E.+A.P.N.D. | Negative 


A.P.P.S.+A.P.N.D. Negative 


APPS.+AP.N.D. Negative 


A.P.P.S.+A.P.N.D. | Negative 


A.P.E.+A.P.N.D. Negative 


AP.E.+AP.N.D. Negative 
A.P.E.+A.P.N.D. Positive 
A.P.P.S.+A.P.N.D. Negative 


 APE.+AP.N.D. Negative 














A.P.E.+A.P.N.D. Negative 
A.P.E.+A.P.N.D. 


AP.E.+AP.N_D. Nezative 
A.P.E.+A.P.N.D. Positive 


AP.E—APN_D. ar “* Negative , 


Pelvic Ex.+A.P.N.D. Negative 

















a Pelvic Ex.+A.P.N.D. Negative 
Pelvic Ex.+A.P.N.D. Positive 
APE+APND. Negative 
AP.E.FAP.N.D. Negative 


AP.E.+AP.N.D. | Negative 
A.P.E.+A.P.N.D. | Negative 






































APE.+APN.D. Positive 


A.P.E.+A.P.N.D. Positive 








\.P.E., abdominoperineal excision 

\.P.P.S., abdominoperineal proctosigmoidectomy (pull-through) 

\.P.N.D., abdominopelvic node dissection 

Extensive lesions of the upper rectum with carry out the lateral dissection as extensively 
invasion of the uterus or bladder constitute a as we proposed because even in advanced 
further indication for the employment of this lesions of the upper rectum lateral spread ap- 
procedure. As pointed out by Buday and pears to be infrequent. On the other hand, 
Abrahms, Spiro, and Goldstein, it is possible the dissection of the periaortic nodes, to- 
that some lesions of this type, though very gether with the division of the inferior mes- 
extensive, remain localized to the lymphatic enteric artery at its point of origin in the 
areas of spread. In such cases an extended aorta, should be carried out, as advocated by 
operation may be considered though we are Ault, Castro, and Smith and described by 
of the opinion that here it is not necessary to Deddish. 
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Contraindications. For obvious reasons this 
operation should not be performed as a pallia- 
tive procedure. It is also contraindicated 
when the general condition of the patient is 
poor. In such cases, the total mortality would 
be so high that improvement of individual 
end results would be strongly overshadowed. 
The operation would also be too dangerous to 
carry out in some extremely obese patients. 


DISCUSSION 


As this operation is still in the experimental 
stage no final conclusions can be drawn. The 
evidence suggests, however, that it might 
well receive consideration and further trial. 
The results we obtained seem to indicate the 
wisdom of further trial and provided the en- 
couragement for the publication of this paper. 

The operation has been performed in 32 
cases, both for low and for high-lying lesions 
(Table I). It was employed in high-lying tu- 
mors to obtain comparative results. Among 
the first 9 cases in which it was performed for 
low-lying lesions, metastases were present in 
the lymph nodes in 4 of which 3 also had in- 
volvement of the lateral area representing a 
high 75 per cent for lateral spread in cases of 
carcinoma of the lower rectum. 

Counted until May 1951, 32 abdomino- 
pelvic node dissections, as a complementary 
procedure of the enlarged abdominoperineal 
excision of the rectum for lesions of the lower 
portion of the rectum were performed. In 
some of the cases, for comparison, the dissec- 
tion complemented operations destined to re- 
move higher tumors, however, in none of 
these cases were positive nodes found in the 
lateral area of spread. Such spread was found 
only in lesions below the Kohlrausch’s plica. 
In Cases 1, 16, and 30, the metastases in the 
lateral areas of spread were found in the 
hypogastric root of the pelvic fascia. In Case 
22, a mass located in the remanescent of the 
right lateral ligament was found containing 
recurrent cancer. The level of the previous 
operation was between 6 and 7 centimeters 
above the anal margin. 

It is important to note that while this high 
percentage was found in lesions below the 
last 7 centimeters as measured from the anal 
verge, such lateral spread never was found in 
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lesions located above the middle valve of 
Houston. Confirmation of our results lies in 
a recent report by Deddish whose cases 
showed that all the metastases to the lateral 
area of spread occurred only in low4ying 
lesions. In his series a similar operation was 
employed for advanced lesions of the rectum 
and in none of his cases in which the opera- 
tion was performed for high tumors was the 
lateral area involved. Although his series is 
larger than ours it still is not large enough to 
permit final conclusions to be drawn. Never- 
theless, his results parallel ours and from these 
combined results we reached our conclusions. 
Furthermore, as Buday, as well as Abrahms, 
Spiro, and Goldstein have observed, many 
patients succumb to cancer of the rectum 
while the condition is still operable. Many 
cases of cancer of the rectum, therefore, are 
amenable to cure until very late stages of the 
disease, and every effort should be made to 
improve present results. Ultimately, if it is 
shown that no benefit can be achieved by such 
operations, perhaps data will have been ob- 
tained from which constructive ideas of real 
value may develop. The goal is progress in 
surgery of such important lesions, and all 
well-considered attempts should be considered 
contributory steps in that direction. 


SUMMARY 


The factors which underlie the difference 
in prognosis between low and high-lying can- 
cer of the rectum have been discussed. Study 
of the anatomy of the pelvic fascia and of the 
distribution of the lymphatics of the rectum 
shows that the classic description by Miles 
was inaccurate and led to erroneous conclu- 
sions. As a result of the general acceptance 
of his description the lateral area of spread 
was not evaluated accurately nor properly 
excised. The necessity for re-evaluation of 
the anatomy of the pelvis has been stressed, 
and a procedure for the excision of the areas 
of such spread has been presented in detail. 

Results obtained cannot serve as a basis 
for final judgment. Still, they follow the se- 
quence of ideas which led us to the point of 
view elaborated above. That they are not 
unique is acknowledged and credit given to 
many who have made similar contributions. 
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Lesions located within the abdominal cav- 
ity can be cured by procedures that remove 
the superior area of spread which is ex- 
clusively intra-abdominal. Extraperitoneal 
lesions, however, are drained as well by the 
extraperitoneal lymphatics and for that reason 
the same type of procedure applied here fails 
to accomplish its end. The classic abdomino- 
perineal procedure developed by Miles is not 
sufficiently radical for the treatment of this 
type of lesion. 

Instead of freeing the rectum from the 
fascia by cutting through the lateral liga- 
ments, the proper procedure is to separate 
the fascia intact from the pelvic walls. The 
portion of the fascia which covers the pelvis 
is an important lymph-bearing area and 
should always be removed. In addition to 
the wider removal of the fascia, the iliac ves- 
sels and their branches should be dissected in 
order more completely to eradicate the lymph- 
hearing tissues. 
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LABORATORY AIDS IN 
SURGICAL DIAGNOSIS 


HE constantly increasing importance 

in surgical diagnosis and treatment 

of accurate chemical, biochemical 
and biophysical determinations, of controlled 
bacteriological investigations and of exact 
radiologic studies has impressed every worker 
in the field of surgery. The employment in 
recent years of radioactive chemical sub- 
stances both for diagnosis and treatment has 
added still further to the diversity and com- 
plexity of some of the problems which face the 
surgeon. 

From the standpoint of diagnosis one need 
only mention the many and varied tests of 
hepatic and renal function, methods for visu- 
alizing practically all the hidden body cavities 
and spaces, the vascular system and bronchial 
tree, ways for determining changes in blood 
volume, the blood flow and skin temperature, 
the microscopic examination of washings from 
stomach and bladder, of bronchial secretions 
and cervical smears to remind one how varied 


and complicated are many of the tools which 
are becoming available as diagnostic aids. 

These relatively new and varied diagnostic 
aids are not entirely unmixed blessings. They 
may divert attention from simple and tried 
laboratory procedures which are readily avail- 
able for every surgeon, though he may have 
only a limited equipment at his disposal. 
They may tempt one to underestimate the 
importance of an accurately recorded history 
and a careful physical examination, and to 
place undue stress on the results of laboratory 
tests. This tendency may become more pro- 
nounced if the surgeon is trained in a medical 
center where every type of diagnostic aid is 
readily available. Many of these laboratory 
tests are time consuming and expensive. If 
they are asked for without discrimination they 
can add greatly to the cost of patient care and 
so make more difficult the solution of one of 
the serious problems that confront the medi- 
cal profession today. 

There is another important point which 
may easily be overlooked. Many laboratory 
tests depend on exacting technique and ac- 
curate measurements and determinations in 
which a very slight error can cause a marked 
change in the result. Every college student 
learns very early in his course in quantitative 
analysis how difficult it is to repeat identical 
experiments and obtain results within an ac- 
ceptable range of variation. If the test in 
question depends upon the measurement of 
very small amounts (microchemical deter- 
minations), if it depends upon the determina- 
tion or recognition of color changes, if it de- 
pends upon the interpretation of abnormal 
shadows or configurations in a roentgenogram 
the personal equation becomes an important 
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factor. If one simply accepts the typewritten 
report as fact he may be completely misled. 

Elman has stressed this problem in his ex- 
cellent monograph, recently published, Sur- 
gical Care. In a discussion of pitfalls of la- 
boratory data, he says, “The most frequent 
errors lie in chemical measurements of the 
blood... . Ina study by Belk and Sunderman, 
597 blood specimens of known composition 
were submitted to 59 hospitals and private 
laboratories. When the results were analyzed 
323, or 54 per cent, of the results obtained 
were unsatisfactory with errors ranging from 
89 per cent too low to 41 per cent too high. 
Similar results were obtained in a study car- 
ried out by Shuey and Cebel. They sub- 
mitted 37 specimens of blood with a known 
content of glucose to 14 participating labora- 
tories. In only one laboratory were as high as 
92 per cent of the specimens reported cor- 
rectly. In four laboratories, only 22 to 28 per 
cent of the specimens were reported correctly. 
Of a similar number of nonprotein nitrogen 
determinations of the blood, no laboratory 
reported more than 83 per cent correctly and 
one laboratory reported only 8 per cent of the 
specimens correctly.” It is obvious that the 
surgeon must be continually on guard, and 
that when laboratory studies fail to confirm or 
perhaps run directly counter to carefully made 
clinical observations the work of the labora- 
tory must be checked to make certain that 
correct results are being obtained. 

In the coming months there will be pre- 
sented in these columns from men of recog- 
nized authority a number of editorials upon 
various laboratory procedures, some old and 
well known and others not so well known, in an 
effort to present a well considered and com- 
prehensive picture of the important labora- 
tory aids available to the surgeon today, and 
of their value and significance. 

SuMNER L. Kocu. 
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THE VALUE AND SIGNIFICANCE 
OF BLOOD COAGULATION 
STUDIES 


HE surgeon more than any other 

member of the medical profession 

appreciates the significance of the 
old adage: ‘‘Forewarned is forearmed.”’ Those 
of the older generation remember clearly the 
dreaded and unpredictable complication of 
postoperative bleeding in the jaundiced pa- 
tient. They recall that these patients bled 
in spite of the fact that the laboratory us- 
ually reported that the clotting and bleed- 
ing times were normal. With the develop- 
ment of simple means to determine pro- 
thrombin quantitatively, the enigma of cho- 
lemic bleeding was solved; and with the al- 
most simultaneous and fortuitous discovery 
of vitamin K, the treatment was immediately 
forthcoming. But these researches did more 
than merely abolish a serious hemorrhagic 
condition. They established a new clinical 
entity, hypoprothrombinemia, and _ brought 
into being a new concept, namely that an 
important cause of abnormal bleeding is a 
deficiency of any essential coagulation factor. 

The investigations that were begun dur- 
ing the middle thirties of this century have 
thus far yielded two important results. They 
have contributed to a more comprehensive 
knowledge concerning the basic factors re- 
quired in the coagulation of the blood and 
they have supplied simple laboratory pro- 
cedures to determine these agents quanti- 
tatively. 

As is to be expected when a field of science 
is being rapidly developed, confusion and 
sharp clashes of opinions are apt to result 
and they have occurred, but withal a prac- 
tical concept of hemostasis has at least in 
part been evolved. The key substance in 
the clotting of blood is thrombin. For the 
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formation of this substance five known 
agents are required—not merely three 
(thromboplastin, calcium, and prothrombin) 
as was believed since the time of Morawitz. 
What was called prothrombin prior to 1943 
was actually a composite of two separate 
substances.! One of these is now considered 
to be true prothrombin. It is the factor that 
diminishes when the organism is deprived of 
vitamin K. The other was first named 
component A of prothrombin and later labile 
factor by the writer, and factor V by Owren, 
who independently again discovered the 
same factor a year later.” This agent is 
probably also related to the ac-globulin of 
Seegers. Since a significant deficiency of 
labile factor in man is exceedingly infrequent 
it is at present mainly of academic interest. 

Thromboplastin until recently remained an 
ill defined agent. It had long ,been known 
that tissue extracts contain a_ substance 
which shortens the clotting time, but its re- 
lation to the factor in blood which is respon- 
sible for the activation of prothrombin was 
undetermined. It was claimed by some in- 
vestigators that platelets on lysis liberated 
thromboplastin, while others postulated that 
the agent existed in a precursor state and 
could be activated by mere contact with a 
rough surface. In 1947 it was found® that 
thromboplastic activity was generated by 
the interaction of a platelet factor with a 
plasma constituent, which was designated 
thromboplastinogen. A diminution of either 
the platelet or the plasma factor results in a 
decrease of prothrombin activation and a 
concomitant failure of thrombin production. 
One may, therefore, tentatively write the 
basic overall coagulation reaction as follows: 
‘Quick, A. J. On the constitution of prothrombin. Am. J. 
Physiol., 1943, 140: 212. 

*OwWREN, P. A. New investigation on the coagulation of the 
blood. Arbok for det Norske Videnskopskademi, 1944, p. 21. 


‘Quick, A. J. Studies on the enigma of the hemostatic dys- 
function of hemophilia. Am. J. M. Sc., 1947, 214: 272. 
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Thromboplastin complex 
(Thromboplastinogen + platelet factor) + 


Prothrombin complex 
(Ca + labile factor + prothrombin) = thrombin 


Increasing evidence is accumulating to show 
that these five known clotting agents inter- 
act stoechiometrically and that a diminution 
of any one of these can bring about a bleed- 
ing tendency. The sequence with which the 
various factors interact need not be dis- 
cussed as it has no direct bearing on the 
present discussion. Practically, calcium can 
be dismissed since a diminution of this ion 
will result in fatal tetany at a level still en- 
tirely adequate for the normal clotting of 
blood. 

Recent researches have shown that the 
clotting mechanism depends on a chain re- 
action in which thrombin and platelets play 
a dominant role.‘ It has been postulated 
that thrombin directly or indirectly is re- 
quired for the lysis of platelets. As these 
cells liberate their clotting factor, more 
thromboplastin is formed which brings about 
the formation of more thrombin. This, in 
turn, causes additional platelets to be labi- 
lized and a chain reaction is set into motion. 
The control of this autocatalytic reaction 
appears to reside in the fibrin clot. The 
enormous surface of the fibrin reticulum 
adsorbs thrombin so promptly and effective- 
ly that the chain reaction is markedly 
slowed. If, moreover, a deficiency of an es- 
sential clotting factor exists, little thrombin 
is formed and its removal by adsorption is 
so complete that the chain reaction is almost 
completely blocked. ‘This offers the sim- 
plest explanation why hemophilic blood may 
remain liquid for several hours. 

In the development of these modern con- 
cepts of blood clotting, laboratory research 


sQuick, A. J. The Physiology and Pathology of Hemostasis. 
Philadelphia: Lea & Febiger, 1951. 
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played a leading role; but even more impor- 
tant, it is the laboratory that is bringing the 
practical aspects of these advances into clin- 
ical medicine and surgery. Thus, until re- 
cently it was difficult or well-nigh impos- 
sible to establish whether a patient had de- 
fective hemostasis due to inadequate coagu- 
lability of the blood. The bleeding and clot- 
ting times often fail to furnish the crucial in- 
formation. In fact, overreliance on the clot- 
ting time has many times led to disastrous 
results. The older surgeons know from ex- 
perience that the clotting time often was 
normal in a jaundiced patient who bled be- 
cause of hypoprothrombinemia which was 
then unrecognized. The clotting time in 
many mild hemophiliacs likewise may be 
consistently normal, but they bleed never- 
theless. 

Two procedures, the one stage prothrom- 
bin time and the prothrombin consumption 
test have furnished valuable means to meas- 
ure hemostasis quantitatively and have taken 
much of the uncertainty out of the manage- 
ment of the common hemorrhagic diseases. 
The prothrombin time test has become a 
routine procedure in nearly all clinical lab- 
oratories. The test is simple, it requires no 
elaborate apparatus, and the reagents need- 
ed can be prepared by anyone who has rudi- 
mentary training in chemical technique. It 
is unfortunate that many laboratories use 
various modifications of the test instead of 
the original procedure which has been rig- 
idly standardized on the basis of critical 
studies not only in the academic laboratory, 
but under ‘“‘field conditions” as well. It has 
been found that the prothrombin time is re- 
markably constant in normal individuals. 
Almost invariably it is 12 seconds. When it 
is increased to approximately 20 seconds, a 
mild bleeding tendency develops. It should 
be emphasized, however, that a hemorrhagic 
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tendency manifests itself only when an in- 
jury of the vascular system occurs. 

The prothrombin time not only detects a 
specific hemostatic defect, i.e., hypopro- 
thrombinemia, but it also serves as a means 
to evaluate therapy. With this test, the ef- 
ficacy of vitamin K is readily ascertained, 
and in the types of hypoprothrombinemia 
refractory to vitamin K, it serves as a guide 
to determine how much plasma must be 
given to elevate the level of prothrombin 
above the hemorrhage zone. The impor- 
tance of the one stage prothrombin time in 
the control of dicumarol therapy is so well 
recognized that it need not be discussed. 
Without going into the comparative merits 
and limitations of the one and two stage 
prothrombin tests, suffice it to say that the 
latter is too complicated and time consum- 
ing to make its introduction as a routine 
procedure in the clinical laboratory feasible. 

The prothrombin consumption procedure 
provides the only simple means to determine 
quantitatively the thromboplastic activity of 
the blood. The test consists essentially in 
allowing blood to clot under standard condi- 
tions and then determining the residual pro- 
thrombin remaining in the serum. The lower 
the thromboplastic activity of blood, the 
more prothrombin remains unconsumed and 
therefore the shorter the serum prothrombin 
time. The two common conditions in which 
the consumption of prothrombin is very low 
are hemophilia and thrombocytopenic pur- 
pura. The test has not only made the diag- 
nosis of hemophilia more exact, but it has 
placed therapy on a more secure basis. To 
be sure, the disease cannot be cured, but the 
condition can be temporarily corrected by 
supplying thromboplastinogen in the form 
of fresh plasma. This is not only the sole re- 
liable systemic treatment, but it constitutes 
the best preoperative measure when an emer- 














gency operation has to be done. As a guide 
the estimation of the thromboplastic activ- 
ity by the prothrombin consumption test is 
found to be far more trustworthy than the 
clotting time. 

Not until the prothrombin consumption 
test was developed, could a coagulation de- 
fect be demonstrated in thrombocytopenia. 
Studies with this test have shown that the 
quality of the platelets is equally as impor- 
tant as the number. Thrombasthenia can 
now be accepted as an actuality and deter- 
mined quantitatively. 

Prothrombin has occupied the central po- 
sition in coagulation research and has re- 
most attention clinically because 
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methods have been available for its study. 
Often this is construed to mean that it is 
more important than the other basic clotting 
factors. Actually, thrombocytopenia and 
hemophilia are encountered oftener than 
hypoprothrombinemia, if one excludes the 
cases induced by dicumarol. It seems cer- 
tain that platelets and thromboplastinogen 
are key factors on which the coagulability of 
the blood depends. When as much informa- 
tion concerning these two factors becomes 
available as there has been obtained on pro- 
thrombin, it will probably become possible 
to explain both hemostasis and thrombosis 
in terms of sound physiological principles. 
ARMAND J. QUICK. 
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deservedly well known book Inhalation Anes- 

thesia, a Fundamental Guide’ is, as the title 
states, a “fundamental guide” to inhalation anes- 
thesia. General principle of mechanisms, signs, 
stages, requirements, and accidents of anesthesia 
are presented as a “road map” for the physician 
just beginning work or training in anesthesia. 

The outline of the book has not been changed from 
that of the preceding edition. Part 1 treats with 
the general principles of inhalation anesthesia while 
Part 2 takes up various anesthetic accidents such 
as ventricular fibrillation, respiratory difficulties, 
aspiration, explosions, and those due to blood pres- 
sure changes. 

There have been no great changes in content, yet 
the material throughout has been extensively re- 
written so as to make the discussions more succinct 
and up to date. Much redundant material has been 
deleted; the total effect is that of greater readability. 

The first part is changed least; the outstanding 
alterations are those in relation to newer drugs such 
as cyclopropane and curare with which greater ex- 
perience has been accumulated in the 14 vears since 
the first edition. The chapter on preanesthetic 
medication shows a changed viewpoint, and ap- 
proaches the problem from the standpoint of ‘‘nerv- 
ous irritability” rather than “metabolism,” certainly 
a more rational and practical attitude. 

Part 2 shows many changes of importance. The 
chapter on ventricular fibrillation has been changed 
most; this is understandable in light of recent ad- 
vances in resuscitation of patients with cardiac 
standstill. 

Many revisions were made necessary in the chap- 
ters on explosion hazards because of the greater 
knowledge of cyclopropane which had just come 
into general use in 1937. An interesting sidelight 
here is that in the earlier edition the statement is 
made that there had been no explosions due to 
cyclopropane, while in the second edition, 14 years 
later, the statement is amended to read ‘‘there have 
been more explosions with cyclopropane than any 
other anesthetic within the same period.” 

The first edition of this little book was exceedingly 
useful as a source of fundamentals; it goes without 
saying that a second edition losing none of the good 
features of the first is equally welcome on the shelves 
of all physicians interested in anesthesia. One is 
happy that Dr. Guedel has resisted the all too com- 


P THE extensively revised second edition of a 


1INHALATION ANESTHESIA; A FUNDAMENTAL GUIDE. By Arthur 
E. Guedel, M.D. 2nd ed. New York: The Macmillan Co., 1951. 


mon temptation to enlarge on a successful “‘little”’ 
book and has kept this edition as short, to-the-point, 
and interesting to read as the first. 

CONSTANCE GRAVES. 


So mehe yay Hohmann, author of Orthopaedische 
Technik,? is a very eminent orthopedic surgeon 
with many years of experience in the use of ortho- 
pedic apphances. 

Although the book has only 200 pages, it is pri- 
marily a reference book with descriptions of all 
types of orthopedic splints and braces. 

There have been very few authentic books on this 
subject. The author felt that there was a need to 
bring the mechanical treatment of orthopedic con- 
ditions up-to-date. In this book he shows not only 
the splints and braces but describes how to use 
them, when to use them, and techniques of con- 
struction. He describes the technique for making 
models for braces, and for the construction of braces 
and corsets. The various orthopedic conditions are 
described and the type of brace that may be used. 

The use of the author’s spiral brace for inversion 
and internal rotation of the lower extremity is well 
described. He describes a new brace made of plexi- 
glas for the support of the head and neck. 

There are excellent photographs of the various 
braces. Emit D. W. Hauser. 


OCTOR Henry C. Marble has taken the place 
of the late Clay Ray Murray in editing with 
Dr. Frederic W. Bancroft the second edition of 
Surgical Treatment of the Motor-Skeletal System.’ 
This edition has been thoroughly revised and con- 
tains contributions by 46 authorities who are recog- 
nized in their special fields. The subject material 
ranges from repair of bone to amputations. A valu- 
able chapter on the care of paraplegics has been 
added. The modern concepts of the surgery of 
scoliosis are presented by William H. von Lackum. 
The chapter entitled ‘‘General Discussions of Frac- 
tures, Dislocations, and Other Trauma,” by the late 
Clay Ray Murray, is worthy of careful study. 

It is refreshing to note that this work does not 
confine itself to the recitation of operative techniques 
but also emphasizes the indications for operation, 

*ORTHOPAEDIS CHE TECHNIK; BANDAGEN UND APPARATE, IHRE 
ANZEIGE UND IHR Bau Aus KLINIK UND WErRksrarTt. By Prof. 
Dr. Georg Hohmann. Stuttgart: Ferdinand Enke Verlag, 1951. 

SSURGICAL TREATMENT OF THE MoTor-SKELETAL SYSTEM. 
Supervising Editor, Frederic W. Bancroft, A.B., M.D., F.A.C.S., 
Associate Editor and Henry C. Marble, A.B., F.A.C.S. Parts 1 
and 2, 2nd ed. Philadelphia: J. B. Lippincott Co., 1951. 
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and the preoperative and postoperative care as well 
as the expected results. Complications are also 
dealt with. Editorial comment is included in in- 
stances in which seemingly contradictory opinions 
are expressed by individual contributors. 

The format is attractive. The two column page 
form of presentation on good quality paper makes 
for easy reading. The illustrations are numerous, 
clear, and well described. The reproduction of roent- 
genograms at times leaves something to be desired. 
The references are given at the end of each chapter. 
The bibliographic index and subject index at the 
end of volume 2 are complete. 

It is natural in a work of this kind that all the 
statements will not meet with universal accord. 
For example, not everyone will agree that surgical 
treatment for plantar neuromas is unnecessary or 
that excision of a semilunar cartilage is usually done 
without a tourniquet. One is at loss to explain the 
number of mistakes in spelling which occur in the 
first volume. 

The fixation of fractures of long bones with intra- 
medullary pins receives but scant attention. In the 
light of recent reports it would appear to merit 
consideration as a method of treatment in certain 
selected fractures. No mention is made of femoral 
head prostheses which are finding a place in the 
reconstruction of the hopeless hip in the aged. This 
seeming omission may be quite justifiable until these 
appliances have proved their worth beyond any 
question of doubt. 

In a work which covers the field so thoroughly, 
one would think that more space could have been 
devoted to the problem of vascular trauma in the 
extremities, for surely the proper functioning of the 
arterial system is vital to the proper functioning of 
the motor-skeletal system. 

In spite of what has just been said, these volumes 
are a most valuable and practical source of infor- 
mation, not only to the orthopedic surgeon but also 
to the general surgeon who deals extensively with 
problems of the motor-skeletal system. The indus- 
trial and military surgeon will be happy to add this 
work to his fund of readily available information. 
These volumes will not be unwelcome to candidates 
preparing for higher qualifications in the field. 

JosepH M. JANEs. 


HE first edition, 4 Handbook of Surgery,' written 
by Ledlie and Harmer is essentially an outline of 
surgery. As is stated in the preface it is written to 
assist both the student and the young practioner to 
summarize the established facts of surgery, path- 
ology, diagnosis, and treatment. It consists of 535 
pages in 41 chapters divided into description, path- 
ology, signs and symptoms, diagnosis, and treat- 
ment. 
There is no discussion of differential diagnosis and 
one would indeed question certain of the recommen- 
'A HANDBOOK OF SURGERY. By Reginald C. B. Ledlic M.B., 


B.S., F.R.C.S., and Michael Harmer M.A., M.B., B.Chir., F.R. 
C.S. London: Bailli¢re, Tindall & Cox, 1951. 
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dations for treatment. The section on fractures, for 
which the authors received assistance from Sir 
Reginald Watson-Jones’ monograph, is especially 
good. All illustrations are line drawings and 
schematic. RussELt T. Botue. 


HE third edition of Callander’s Surgical Anat- 

omy? has just been released by the W. B. Saund- 
ers Company. With the untimely death of Dr. 
Callander, the task of revising this very successful 
work fell to Drs. Barry J. Anson and Walter G. 
Maddock. Working without illustrations or text 
they have maintained the original pattern of pres- 
entation, but the revision is one which will un- 
doubtedly be pleasing to old friends and attract 
many new admirers. 

The task of writing a successful surgical anatomy 
has been a challenge to anatomists and surgeons 
alike in every generation during the past century. 
Such a volume must be accurate, readable, well 
illustrated and, above all, practical. There is little 
doubt that this has been beautifully accomplished 
in the present edition. 

The unusual ability of Dr. Anson to make anat 
omy live is well known to those who have seen his 
numerous articles in SURGERY, GYNECOLOGY AND OB- 
STETRICS and are familiar with the Aélas of Human 
Anatomy. These talents have been complemented 
by Dr. Maddock in stressing the fundamental 
features of surgical anatomy without laying undue 
stress on specific surgical procedures which may soon 
become obsolete. 

The make-up of the book follows the established 
form of description by systems. The illustrations 
are numerous and clear, a total of 929 appearing in 
the text of just over 1,000 pages. There is an ex- 
cellent balance between those illustrations of a 
strictly anatomical nature and those depicting spe- 
cific clinical and surgical procedures. The discussion 
of surgical considerations accompanying each sys- 
tem is concise but complete, bringing together a 
wealth of clinical material which is nicely correlated 
with the anatomical area. 

This volume will be of tremendous assistance to 
the surgical intern and resident during training, 
and will find an important place in the working 
library of those actively engaged in the teaching or 
practice of surgery. C. W. McLaucu.tn, Jr. 


N the volume, The Thyroid,’ the author fulfills 
the purpose stated in his preface: “It is hoped 
the work will fill the need for a condensed but com- 
prehensive presentation of the existing factual ma- 
terial through which has been furthered an under- 


2CALLANDER’S SURGICAL ANATOMY. By Barry J. Anson, M.A., 
Ph.D. (Med. Sc.), and Walter G. Maddock, M.S., M.D., F.A.C.S. 
3rd ed. Philadelphia, London: W. B. Saunders Co., 1952. 

3THEe THyroiw. Edited by Thomas Hodge McGavack, B.A., 
M.D., F.A.C.P. With a Section on Surgery by James M. Win- 
field, B.A., M.D., F.A.C.S., and Walter L. Mersheimer, B.S., 
M.D., F.A.C.S., and a Section on History by Dorothy B. Spear, 
Ph.B., Librarian. New York: St. Louis: The C. V. Mosby Co., 
1951. 
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standing of the fascinating and busy role in bodily 
economy of that factory for the production of thy- 
roid hormone, the thyroid gland.”” The material in 
the book is well arranged and easy to find because of 
an excellent table of contents and index. 

There are 4 sections with a number of chapters 
under each of them. The first section deals with the 
history and folklore of goiter. In these interesting 
chapters the author is assisted by Dorothy B. Spear. 
The next 2 sections deal with the anatomy, chemical, 
physiological conditions, and morbid states of the 
thyroid. They are well illustrated both by the au- 
thor and from the recent literature. The fourth 
section, written by James M. Winfield and Walter 
L. Mersheimer, deals with operative technique. 
There is also recorded the routine preoperative and 
postoperative care advised by these authors. 

There is a very full bibliography of the inter- 
national literature dealing with thyroid disease. 
Approximately 6 per cent of the book is devoted to 
this purpose and references in the text are excellent. 

There is only one real criticism and that is the 
introduction of a new classification of thyroid dis- 
ease. One may well feel that the field is already too 
confused by individual classifications. 

This volume should prove of value to all who are 
interested in the thyroid and its diseases. 

J. E. Kearns. 


Bi author of Fluid Balance; a Clinical Manual! 
has included in a single volume the entire subject 
of fluid balance, and by correlating present concepts 
has helped to place therapy upon a definite basis. 
This small volume is compact and of handy size; 
there is included an excellent index which renders 
it extremely useful for students and house officers. 
It is brief, yet contains sufficient facts to establish 
a rationale of therapy. 

The first chapter gives a concise history of the 
subject of fluid balance and includes the important 
references which are needed to comprehend this 
subject. The various chapters deal in simple terms 
with the subject of normal and abnormal distribu- 
tion of fluid and its source. Throughout are ex- 
cellent clinical histories illustrating each type of 
fluid imbalance. The last part of the volume deals 
with the treatment of fluid imbalance and empha- 
sizes the type and amount of fluid to be replaced 
and the routes of administration. The final chapter 
treats of complications. It is clearly stated and 
should be of great help to the surgeon. 

This is an extremely valuable, well-written, and 
practical book which can be highly recommended. 

Harvey S. ALLEN. 


HE volume, Ruptures of the Rotator Cuff,? the 
latest addition to the American Lecture Series, 


1FLuID BALANCE; A CLINICAL MANUAL. By Carl A. Moyer, 
M.D. Chicago: The Year Book Publishers, Inc., 1952. 

2RUPTURES OF THE RoTATOR Curr. By H. F. Moseley, M.A., 
D.M., M.Ch. (Oxon.), F.R.C.S. (Eng. & C.), F.A.C.S. Spring- 
field, Ill.: Charles C. Thomas, 1952. 
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is based on a Hunterian lecture given to the Royal 
College of Surgeons of England. The subject matter 
is very brief but a series of beautifully executed full 
page illustrations by Helen MacArthur and Dr. 
Frank Netter enlarge the book to some 87 pages. 
The author’s conclusions are based on the study of 
48 patients treated over the last 10 years; 31 of 
these were available for later follow-up study. Of 
these latter, 20 were acute ruptures and 11 chronic 
cases. In the acute cases suture of tendon to raw 
bone is the standard procedure. In chronic cases 
this is usually impossible and a plastic repair ac- 
cording to circumstances is carried out. In addition, 
the author advocates removal of the intra-articular 
portion of the biceps tendon when this shows evi- 
dence of degeneration or rupture, except in cases 
where there has been a concomitant dislocation, 
when a Nicola repair is done. 

Although there is, in this work, no departure from 
accepted practice in the treatment of this con- 
dition, the monograph is authoritative and is an ex- 
cellent summary of a difficult subject. 

HAROLD Botton. 


HE monograph, The Clinical Use of Fluid and 

Electrolyte,’ is helpfully informative concerning 
the problems of electrolytic imbalance. In its 246 
pages is included subject matter pertaining to normal 
and abnormal deviations of body fluids and electro- 
lytes in conditions such as congestive heart failure, 
diabetes mellitus, renal disease, adrenal cortical in- 
sufficiency, and conditions affecting pediatric, geri- 
atric, and surgical patients. Recent information on 
potassium metabolism, ACTH, and cortisone as 
well as on the effects of shock, burns, crush, and 
blast injuries on body fluids and electrolytes is also 
included. 

The author presents the above material in a clear 
and concise manner. Each chapter contains perti- 
nent physiological and pathological concepts which 
the clinician must understand in order to institute 
an intelligent program of fluid and electrolyte re- 
placement. For example, the author shows why 
there is inability in correcting one ionic concen- 
tration in a fluid compartment without affecting 
ionic concentration in other compartments. Equal- 
ly important, of course, is the body mechanism of 
maintaining isotonic equilibrium throughout the 
fluid compartments. The many charts interspersed 
throughout the text are simple and clear; normal 
values of electrolyte concentration in the various 
body fluid compartments are included in the charts 
illustrating normal and abnormal conditions. An 
excellent bibliography is included at the end of each 
chapter. 

‘Every clinician will find this material helpful in 
his practice; every house officer and medical student 
will find this text clarifies his understanding of the 
treatment of fluid and electrolyte abnormalities. 

L. L. SwiGart. 


3Tue Ciinicat Use or FLurp AND ELECTROLYTE. By John 
H. Bland, M.D. Philadelphia, London: W. B. Saunders Co., 1952. 
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iE ~ author of Text-Book of Orthopaedic Medicine, 
Dr. Cyriax, is a well known physiatrist at the 
St. Thomas Hospital in London who has had long 
experience with manipulation and massage treat- 
ment. 

This is a manual of value particularly to physical 
therapists. Manipulation and deep massage is wide- 
ly used by the medical profession’in Great Britain. 
The author describes the methods of deep massage 
and manipulation and also shows their indications 
and contraindications. 

The author feels that the master of this technique 
enables the physical therapist to give accurate treat- 
ment for a number of common disorders difficult to 
treat in any other way. 

The book is printed on excellent paper and in- 
cludes many very clear illustrations. The format is 
such that it is easy to understand the various tech- 
niques described. Emit D. W. Hauser. 


HE book Rheumatic Diseases* prepared by the 

American Rheumatism Association is a collec- 
tion of the papers presented at the Seventh Inter- 
national Congress on Rheumatic Diseases. It is not 
in any sense a text on rheumatism, but rather pre- 
sents the detailed close-range viewpoint on collagen 
diseases in general. It seems that many of the ab- 
stracts are rather sketchy, resembling the summaries 
seen in the programs of scientific meetings, and 
would either be better presented in their entirety 
or eliminated. 

The publication is divided roughly into 20 chap- 
ters, although they are not distinguished as such. 
The first 2 chapters deal with rheumatic fever and 
rheumatoid arthritis, in general. Chapters 3 through 
6 deal with rheumatoid arthritis and related syn- 
dromes. Chapters 7 and 8 are papers on fibrositis, 
psychogenic rheumatism, and osteoarthritis. Chap- 


'TexT-BooK OF ORTHOPEDIC MEDICINE; TREATMENT BY Ma- 
NIPULATION AND DEEP MAssAGE. By James Cyriax, M.D., 
B.Ch.(Cantab.). Vol 2, 4th ed. New York: Paul B. Hoeber, Inc., 
Medical Book Department of Harper & Brothers, 1951. 

2RHEUMATIC DISEASES; Based on the Proceedings of the 
Seventh International Congress on Rheumatic Diseases. Pre- 
pared by the Committee on Publications of the American Rheu- 
matism Association. Charles H. Slocumb, M.D., Chairman. 
Philadelphia, London: W. B. Saunders Co., 1952. 
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ters 9, 10, and 11 include a wide approach to treat- 
ment, while less common types of rheumatic disease 
are covered in chapters 12, 13, and 14. The last 
chapters are devoted to experimental and laboratory 
studies. 

The book will appeal to those interested in the 
detailed study of the so-called rheumatic diseases, 
and it is of great value to those concerned with 
collagen diseases in general. The American Rheu- 
matism Association is to be congratulated on the 
presentation of these outstanding papers in a con- 
cise, easily readable volume which will serve as a 
reference to current thought and investigation of 
the rheumatic diseases. Wiiiam A. Larmon. 


Sf delightful little volume of 250 pages, The 
Quiet Art; a Doctor’s Anthology® is something for 
the surgeon to pack in his bag and enjoy before he 
turns out the light in his Pullman or drops to sleep 
in his comfortable reclining seat in the plane. 

Dr. Russell Brain says in a foreword: “An an- 
thology, according to the dictionary, is a collection 
of flowers, and the flower-collector enjoys both the 
pleasures of familiarity and the excitements of new 
discovery, both of which are to be found in this 
volume. The reader may well wonder at the rich 
and varied flora of medical thought ... but doctors 
may justly feel proud of their profession’s contri- 
butions to literature . . . If the doctor is to be capable 
of his work, he must be a man of feeling; and if he 
is to do his work, his feelings must often in great 
measure be denied expression. Perhaps this is part- 
ly the reason why doctors express themselves in 
writing. Whatever the explanation, we may all be 
grateful that so many doctors, whether they have 
achieved literary fame or not, have written clearly 
and gracefully, humorously and movingly about 
the fundamentals of life and of their profession.” 

We should all be grateful too, to one who has 
taken time and effort to gather so many delightful 
examples of the art of expression from the pens of 
medical men, and to make them available for our 
delight and enjoyment. SuMNER L. Kocn. 

3Tue Quiet ArT; A Docror’s ANTHOLOGY. By Dr. Robert 
Coope. Edinburgh and London: E. & S. Livingstone, Ltd., 
1952. 
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LL.D., D.Sc. (St. And.), Ph.D. (Lond.), M.D., F.R.C. S. 
(Hon.), D.Sc. (Northwestern), D.M. (Utrecht), F.R.C.S. 
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CORRESPONDENCE 


THE HEMATOLOGIC RESPONSE OF THE PREGNANT WOMAN 
OXIDE.—A CORRECTION. 


SACCHARATED IRON 


To the Editor: 


TO INTRAVENOUS 


I should like to call your attention to an error in one of my conclusions in the article en- 


titled, ‘‘The Hematologic Response of the Pregnant Woman to Intravenous Saccharated Iron Oxide” 


published in the May 1952 issue of SURGERY, 


should read: 
the start of therapy.” 
for the word ‘“‘inversely.” 


June 6, 1952 


GYNECOLOGY AND OBSTETRICS. 

“The response, in general, is directly proportional to the degree of anemia existing before 

Likewise on page 518, in conclusion 3, the word ‘directly’ should be substituted 
page 5 ’ 3 a 


Page 517, column 2, line 4 


Sincerely yours, 
D. B. Nicnotson, M.D. 





CLINICAL CONGRESS OF AMERICAN 
COLLEGE OF SURGEONS 


ALTON OCHSNER, New Orleans, President 
HAROLD L. FOSS, Danville, Pennsylvania, President-Elect 


PRELIMINARY PROGRAM FOR 38TH CLINICAL CONGRESS, 
THE WALDORF-ASTORIA, NEW YORK, 


SEPTEMBER 


EW York has played a significant part 
in the history of the American College 
of Surgeons and the Clinical Congress, 
and this will be the seventh time it has 

acted as host to the Congress. Renowned for its 
medical center facilities, five medical schools, and 
hospitals of high quality, the New York area of- 
fers many attractions for a scientific congress. As 
on previous visits as far back as 1912, our New 
York hosts have been hard at work to help make 
this a memorable convention. 


COMMITTEE ON ARRANGEMENTS 


The New York Committee on General Arrange- 
ments for the Clinical Congress is composed of 
the following Fellows: 


FRANK GLENN, Chairman 

RoBeRT H. WYLIE, Secretary 

Henry W. Cave, Member, Board of Regents 
GEORGE H. Humpurevys II, Television Chairman 
HERBERT WILLY MEYER, Public Relations Chairman 


WitirAM F. MAcFEE 

S. W. Moore 

Joun H. MULHOLLAND 
W. Barclay PARSONS 
Howarp A. PATTERSON 
BRITTAIN ForD PAYNE 
ALGERNON B. REESE 
Howarp C. TAyLor, JR. 
James E. THOMPSON 
SAMUEL A. THOMPSON 
T. CAMPBELL THOMPSON 
ARTHUR S. W. TOUROFF 
PRESTON A. WADE 
James M. WINFIELD 


ALBERT H. ALDRIDGE 
FREDERIC W. BANCROFT 
FRANK B. BERRY 
Tuomas M. BRENNAN 
E. JEFFERSON BROWDER 
ALEXANDER BRUNSCHWIG 
GEORGE F, CAHILL 
RaLpu Cop 

CLARENCE DENNIS 
MERRILL N. FOOTE 

J. Witt1am HINTON 
CRANSTON W. HOLMAN 
MARVIN F. JONES 
RoBert H. KENNEDY 


GENERAL ASSEMBLY AND CLINICOPATHOLOGY 
CONFERENCE 


The Congress will open with a General Assem- 
bly at 10:00 a.m. on Monday. Dr. Alton Ochsner, 
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President of the College, will preside. Greetings 
and announcements will be made by Dr. Frank 
Glenn, Chairman of the New York Committee 
on Arrangements. The Inauguration of the Joint 
Hospital Accreditation Program will be presented 
by Dr. Gunnar Gundersen, Chairman of the Joint 
Commission, and Dr. Edwin L. Crosby, Director. 
A Clinicopathology Conference will be held from 
I1:00 a.m. tO 12:30 p.m. 


PRESIDENTIAL MEETING AND CONVOCATION 


Dr. Ochsner will give the Presidential Address 
on Monday evening, and Dr. Donald C. Balfour, 
Rochester, Minnesota, will give the Martin 
Memorial Lecture. Dr. Harold L. Foss, Danville, 
Pennsylvania, will be installed as President. Sir 
Cecil Wakeley, London, President of the Royal 
College of Surgeons (England), will give the 
Fellowship Address Friday evening at the Convo- 
cation when new Fellows are received into the 
College and Honorary Fellowships are conferred. 


SCIENTIFIC PROGRAMS IN GENERAL 


Surgical specialties sessions are being increased 
and, answering numerous demands, a separate 
three-day program in gynecology and obstetrics 
will be held on Wednesday, Thursday, and Friday 
afternoons. Neurologic, thoracic, orthopedic, and 
plastic surgery and urology each have two panel 
discussions scheduled for Friday afternoon. 
Ophthalmology and otolaryngology will have 
their own sessions on Tuesday, Wednesday, and 
Thursday. Separate sessions for some surgical 
specialties will be included in the Surgical Forums. 


POSTGRADUATE COURSES 


Postgraduate courses will be increased to seven 
this year, arranged progressively through four 
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morning periods from 9:00 a.m. until noon. 
Attendance at these courses will be limited to 
persons registered for them. The courses and 
their chairmen follow: 


Gynecology and Obstetrics—Howarp C. TAytor, JR. 

Management of Fractures—ROBERT H. KENNEDY 

Nonmalignant Diseases of the Gastrointestinal Tract— 
RaLpuH COLp 

Preoperative and Postoperative Care of the Surgical Pa- 
tient—JoHn H. MULHOLLAND 

Surgical Aspects of Pulmonary Disease—FRANK B. BERRY 

Trauma of Skull and Spine—E. JEFFERSON BROWDER 

Vascular Diseases—CLARENCE DENNIS 


FORUM ON FUNDAMENTAL SURGICAL PROBLEMS 


Dr. Owen H. Wangensteen, originator of the 
increasingly popular Forums, is Chairman of the 
Surgical Forum Committee, which has again 
arranged for an outstanding series of papers, 
representing as many as possible of the various 
departments of surgery. Newest discoveries re- 
sulting from original research, particularly by 
younger surgeons, and relating to surgery in the 
broadest sense will again be heard. Twelve ses- 
sions will be held, composed of brief presentations, 
with separate sessions set up for those specialties 
which have submitted a sufficient number of re- 
ports on research work. 


HOSPITAL CLINICS 


Dr. Glenn has announced that this Congress 
will have a larger number of hospitals participat- 
ing than ever before. However, there may be 
fewer clinics this year, for a highly selective pro- 
gram is being planned. Representatives from 
sixty-two hospitals are preparing important clinic 
programs for Congress visitors. These programs 
will be published in the Daily Clinical Bulletin 
one day in advance, and special bulletin boards 
will carry the programs in detail. Tickets for the 
clinics will be available one day in advance. The 
program will include general surgery, gynecology 
and obstetrics, fractures and other trauma, neuro- 
surgery, orthopedic, thoracic, and genitourinary 
surgery, ophthalmology and otolaryngology, with 
eminent surgeons demonstrating the newest de- 
velopments in their respective fields. 


GENERAL SURGERY EVENING SESSIONS 


There will be three general surgery evening ses- 
sions. The first, on Tuesday evening, September 
23, will present: “Cytologic and Biopsy Diagnosis 
of Cancer”; “Evaluation of Cancer Serodiagnostic 
Tests”; and “Cancer of the Lung.” 

The Wednesday evening session will be opened 
with the annual Trauma Oration, presented by 
Dr. Sumner L. Koch of Chicago. 


SURGERY, GYNECOLOGY AND OBSTETRICS 


This will be followed by two talks: ‘Medical 
Management of Thromboembolic Disease, with 
an Evaluation of Newer Anticoagulants” and 
“Management of Thromboembolic Disease in 
Surgical Patients.” 

The program for the Thursday evening session 
will include the following subjects: “Laryngeal 
Sequelae of Intratracheal Anesthesia”; “Con- 
servative Surgical Treatment of Endometriosis”; 
and “Evaluation of Liver Function Tests.” 


GENERAL SURGERY AFTERNOON PANEL DISCUSSIONS 


General surgery panel discussions will be held 
Monday through Wednesday afternoons from 
1:30 to 5:00 o’clock and Thursday from 1:30 to 
3:00 p.m. The panel discussions will include the 
following subjects: “Choice of Operation for Can- 
cer of the Rectum”; “Blood, Plasma and Plasma 
Expanders”; ‘‘Gallbladder Disease”’; ““Carcinoma 
of the Stomach”; ‘‘Pancreatic Disease’’; ‘‘Post- 
phlebitic Syndrome”; and “Current Practice in 
Managing Water, Electrolyte, and Protein Bal- 
ance Problems in Surgical Patients.” 


GYNECOLOGY AND OBSTETRICS PANEL DISCUSSION 
SESSIONS 


There will be five panel discussion sessions on 
gynecology and obstetrics to be held from Wed- 
nesday through Friday afternoons. The following 
subjects will be discussed: “Pain in the Right 
Lower Quadrant of the Female Abdomen”; 
“Urologic Survey Before and After Gynecologic 
Surgery”; ““Management of the Rh Negative Pa- 
tient”’; ‘““The Present Status of the Vaginal Smear 
in Diagnosis of Malignancy”; and “Diagnostic 
Procedure and Treatment of Nonmalignant Le- 
sions Causing Bleeding.” 


AFTERNOON PANEL DISCUSSIONS, SURGICAL 
SPECIALTIES 


Friday afternoon will be devoted to panel dis- 
cussion sessions for five special fields of surgery. 
A list of subjects for each specialty follows: 

Neurologic Surgery. “The Treatment of Intra- 
cranial Glioblastomas” and ‘The Diagnosis and 
Results of Treatment of Herniated Nucleus Pul- 
posus in the Cervical Spinal Canal.” 

Orthopedic Surgery. “Indications and Tech- 
nique for Internal Fixation, including Use of the 
Intramedullary Nail, of Fractures of the Shaft 
of the Femur” and “Indications and Technique for 
Internal Fixation, Including Use of Intramedul- 
lary Nail, of Fractures of the Tibia.” 

Plastic Surgery. ‘Treatment of Open Injuries 
Complicated by Extensive Loss of Covering Tis- 
sue” and “Replacement of Extensive Scars of 
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Lower Extremity with Sliding Cross-leg and Dis- 
tant Pedicle Flaps.” 

Thoracic Surgery. “The Problem of Cardiac 
Arrest: Its Prevention and Treatment” and ‘“Re- 
cent Developments in Surgical Treatment of 
Pulmonary Tuberculosis.” 

Urology. “Management of Surgical Injuries to 
the Urinary Tract” and “Management of Con- 
genital Anomalies of the Urinary Tract.” 


OPHTHALMOLOGY SESSIONS 


Separate sessions for ophthalmologists will be 
held Tuesday, Wednesday, and Thursday morn- 
ings and evenings. On Tuesday the program will 
include a panel discussion on “Problems Con- 
cerned with Extraction of Complicated Cataracts” 
and a symposium on “Surgical Correction of 
Motor Anomalies Involving the Extraocular 
Muscles.”” Wednesday will feature a panel dis- 
cussion on “Orbital Implants” and a symposium 
on “Causes of Failure in Ocular Surgical Pro- 
cedures.” Thursday’s program will include a 
panel discussion on “Fallacies in Refraction by 
Use of Mechanical Refractors” and papers on 
“Sympathetic Ophthalmia,” ‘Atomic Eye In- 
juries,’ “Management of Intraocular Foreign 
Bodies,” and ‘“Treatment of Eye Burns.” 


OTOLARYNGOLOGY SESSIONS 


Separate sessions for otolaryngologists will be 
held Tuesday, Wednesday, and Thursday morn- 
ings and evenings. On Tuesday the program will 
include panel discussions on “Nasopharyngeal 
Fibromas” and ‘Teratological Lesions of the 
Head and Neck” and papers on ‘Plasma Sub- 
stitutes,” ““Mycotic Infections,” and “Treatment 
of Hemangiomas.” On Wednesday the program 
will include discussions of “Modified Radical 
Mastoidectomy”’ and ‘Infectious Mononucleo- 
sis.” The evening session will be a symposium on 
“Re-evaluation of Antibiotics.” On Thursday the 
program will include papers on ‘“‘Respiratory Ob- 
structions in Infants, Including Atelectasis in the 
Newborn,” “Differential Diagnosis of Wheezing 
Respirations,” and “(Management of Respiratory 
Difficulty in Bulbar Poliomyelitis.” The even- 
ing’s symposium will be on “Operating Room 
Emergencies.” 


SYMPOSIUM ON CANCER 


The Symposium on Cancer will be held Wed- 
nesday afternoon, of which Dr. Edwin P. Lehman, 
Charlottesville, Virginia, will be the presiding 
officer. Talks will be given on ‘Treatment of 
Rectal Polypi Showing Doubtful or Small Malig- 
nant Changes,” “Cancer Detection—A Realistic 
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Appraisal of Its Value,” ‘The Combined Pro- 
cedure for Excision of Intraoral and Hypopharyn- 
geal Cancer with Radical Dissection,” “Cancer of 
the Pancreas,” and “Internal Mammary Node 
Dissection Combined with Radical Mastectomy 
for Cancer of the Breast.” 


SYMPOSIUM ON TRAUMA 


The Symposium on Trauma will be held Tues- 
day afternoon, of which Dr. R. Arnold Griswold, 
Louisville, Kentucky, will be the presiding officer. 
Papers will be given on the following subjects: 
“Electrolyte and Fluid Balance in Trauma”; 
“Intra-arterial Transfusions”; ‘“Intramedullary 
Nailing”; ‘““The Use of Bone Grafts”’; “Injuries to 
Major Blood Vessels”; and “Cervical Disc Syn- 
drome.” , 

CINE CLINICS 

There will be four Ciné clinic sessions. A very 
careful selection of material is under way, so that 
each program will be of the greatest possible 
teaching value. Roughly fifty per cent of these 
film lectures will cover the latest developments in 
the broad field of surgery, twenty per cent will 
deal with standard procedures of the various surgi- 
cal specialties, and twenty per cent with the 
surgery of trauma, all taking advantage of the 
unusual facilities for this type of practice in the 
great New York hospital area. Most participants 
will be surgeons from New York and surrounding 
states. Past President Dr. Henry W. Cave has 
been invited to be Chairman of the group in 
charge of the presentation of clinics. 


COLOR TELEVISION 


Telecasts in color of operations performed at 
Presbyterian Hospital will be shown at Hotel 
Belmont-Plaza. The schedule has not been com- 
pleted as yet. This will be the fourth demonstra- 
tion of color television at a Clinical Congress. 


MOTION PICTURES 


The Committee on Medical Motion Pictures 
currently is approving a well-rounded program of 
films demonstrating operative techniques in gen- 
eral surgery and the surgical specialties. 


EXHIBITS 


Scientific and technical exhibits of greatest in- 
terest to surgeons will be displayed in the Grand 
Ballroom of The Waldorf-Astoria. The official 
program of the Congress will list exhibits in de- 
ADVANCE REGISTRATION 

Advance registration is advised in order to 
eliminate delays at registration desks. Both the 
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current and advance registration desks will be 
open on Sunday, September 21, from 3:00 to 
5:00 p.m., and from 8:00 a.m. to 5:00 p.m. Mon- 
day through Friday. No registration fee will be 
charged Fellows who have paid their dues to 
December 31, 1951, or Initiates of the Class of 
1952. Fellows whose dues are not paid to that 
date will be charged $5.00. Endorsed Candidates 
will pay a fee of $5.00. Non-Fellows permitted to 
register will be charged $10.00. 


HOTEL RESERVATIONS 


Fellows are requested to fill out the hotel 
reservation form contained in the Congress bro- 


chure as soon as possible and send to Miss Sylvia 
Peltonen, Manager, American College of Surgeons 
Housing Bureau, 500 Park Avenue, New York 22, 
New York. 


BERMUDA CRUISE 


An unusually pleasant nine-day, post-Congress 
cruise, promising rest, relaxation, and fun, has 
been scheduled on the Queen of Bermuda, sailing 
from New York September 27. Inquiries about 
reservations should be addressed to Mr. Leon Y, 
Arnold, 36 Washington Square West, New York 
11, New York. Early reservations are essential” 
for this popular ship. 


FIRST INTER-AMERICAN SESSION 


N the finest tradition of fellowship and co- 
operation, distinguished Latin American and 
North American surgeons are collaborating 
to make the first Inter-American Session in 

Sao Paulo, Brazil, February 9 to 12, 1953,a memo- 
rable one in the history of the College. The meeting 
promises to be a stimulating and broadening ex- 
perience. Leading teachers from both Latin 
American countries and North America will con- 
duct general surgical sessions of widest possible 
interest, as well as clinics, demonstrations, papers, 
and panels pertaining to all the surgical special- 
ties. 

Brazilian Fellows under the direction of a Com- 
mittee headed by Doctor Benedicto Montenegro, 
Honorary Chairman, Doctor Moacyr E. Alvaro, 
Chairman, and Doctor E. J. Zerbini, Secretary, 
will participate in the program. Among the par- 
ticipating Fellows will be: 


ALFONSO R. ALBANESE, Buenos Aires, Argentina 
Juan M. ALLENDE, Cordoba, Argentina 
CHARLES P. BaILey, Philadelphia, Pennsylvania 
Evrico S. Bastos, Sao Paulo, Brazil 

JORGE Castro BARBosA, Rio de Janeiro, Brazil 
RICHARD B. CATTELL, Boston, Massachusetts 
Arp1o CorREA NETO, Sao Paulo, Brazil 

Jutio Diez, Buenos Aires, Argentina 
REYNOLDO FIGUEIREDO, Sao Paulo, Brazil 
HAROLD L. Foss, Danville, Pennsylvania 
PEDRO LARGHERO YBARZ, Montevideo, Uruguay 
CHARLES W. Mayo, Rochester, Minnesota 
Jose MeEp1nNA, Sao Paulo, Brazil 

ARNALDO DE Moraes, Rio de Janeiro, Brazil 
NicoLau Moraes Barros, Sao Paulo, Brazil 
BERNARDES DE OLIVEIRA, Sao Paulo, Brazil 
ALEJANDRO PavLovsky, Buenos Aires, Argentina 
I. S. Ravpry, Philadelphia, Pennsylvania 
Horacio REsANo, Buenos Aires, Argentina 

Ary Do Carmo Russo, S4o Paulo, Brazil 
CxLovis SALGADO, Belo Horizonte, Brazil 
EDMUNDO VASCONCELOS, Sao Paulo, Brazil 


After the official opening session on February g 
the programs for the roth and rith will include 
the following sessions: 

Papers: ‘‘The Treatment of Megacolon”’; “Fur- 
ther Consideration of Chronic Segmental Ileitis”; 
“The Surgery of Acquired Heart Disease.” 

Panel discussion: “Complications of Peptic 
Ulcer.” 

Symposia: ‘‘Peripheral Vascular Diseases”; 
“Management of Major Emergencies”; “Can- 
cer”; “Gynecology.” 

On February 12 specialty programs will include 
the subjects of anesthesiology, experimental sur- 
gery, gastroenterology, gynecology, neurosurgery, 
ophthalmology, orthopedic surgery, otorhino- 
laryngology, pediatric surgery, peroral endoscopy, 
plastic surgery, proctology, thoracic surgery, 
and urology. 

Surgical motion pictures which include many 
from the College Ciné Clinic will be shown on~ 
each day. 

Opportunities to visit and become familiar with” 
many of the famous and beautiful cities of South — 
America have also been included in the plans of 7 
our cordial hosts. 7 

To facilitate travel, provisions have been made ~ 
for a wide selection of means of transportation. 7 
The Moore-McCormack Luxury Liner “Uru- 7 
guay” has been chartered for a thirty-eight day } 
professional cruise to SAo Paulo and other points 7 
of interest in South and Central America. Scien-~ 
tific programs will be presented on board ship and ~ 
those selecting this means of travel will live” 
aboard the “Uruguay” during the meeting in Sao ~ 
Paulo and the carnival in Rio de Janeiro. Com-" 
bination trips may be arranged to travel one way © 
by sea and the other by air. ] 
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